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With the Bendix 


G-20 Computer 


TODAY'S MOST ADVANCED COMPUTING “PACKAGE” 


Today’s high-powered computing equipment is only as good as the program- 


ming systems that enable it to do useful work. In the development of the 
3endix G-20, these all-important programming systems were planned and 
perfected in close coordination with the equipment designers, and received 
equal emphasis. The result: today’s most powerful computing “package?’ 
¢ The G-20’s simplified programming enables your present personnel to take 
advantage of the powerful problem-solving abilities of the computer, regard- 
less of their previous computer experience. Such a programming system is 


ALCOM~—an algebraic problem-solver based on the international mathematical 


language of ALGOL. Compatible with the ALGO programming system for 
the Bendix G-15, ALCOM permits your technical staff to transmit problems 
to the floating point circuitry of the G-20 in universal mathematical language. 
¢ ALCOM is complemented by a library of sorting, file maintenance and other 
routines for specific tasks. The refined indexing and decision-making capa- 
bilities of a powerful command vocabulary have been instrumental in making 
these simplified techniques possible. They are unmatched for ease of use and 
efficiency. ¢ Not overlooking the G-20 proper, we have recently increased 


computing speeds by 40° ...to the rate of 83,000 additions per second (aver- 


age, floating point, one-word precision . Magnetic tape speed is now 240,000 


digits per second...and printing speed can be up to 1500 lines per minute. 


These new characteristics, combined with the G-20’s efficient “organization 


chart” system design and perfected programming ease, provide an unmatched 


return on your computing dollar. Prove this fact to your own satisfaction. 


Call the nearest Bendix Computer office, or write: 


Bendix Computer Division 


DEPT. Y-29. LOS ANGELES 45. CALIFORNIA 
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THE COVER, photograph of a model de- 
signed by the Upjohn Co. to imitate 


impression-recording functions of the 


human brain, illustrates recent re- 


search of the last decade in this area, 


much of which has contributed to de- 


velopment of machines with human- 


like decision-making abilities — subject 


of the sp cial section in this issue. 


Upjohn’s “brain,” limited to seeing 


and hearing, flashes lights to trace the 


pattern of related thought processes. 


The model points up needs for further 


exploration, such as the many studies 


now being conducted on _biological- 


computer designs, teaching machines, 


and automated management-control 


systems. 


Rapidly advancing technology, of 


necessity, is transferring many deci- 


sion-making functions from man to 
machine. Hou computers are filling 
the void created by specialized man- 
power shortages or inadequacies is 
described in the special section on 


“Machines and Decisions.” Of particu- 


lar significance are the areas of man- 


agement and education where the im- 


pact of mechanization already is felt. 


With this issue also —to provide a 


unique service to readers — Industrial 


Research announces formation of an 


Editorial Advisory Board comprised of 


the nation’s topmost scientific, engi- 


necring, and management authorities 


The special talents of these men are 


being tapped in an advisory capacity 


to assure I*R readers of authentic and 


useful information of significance. 


The Industrial Research Editorial 


Advisory Board is listed for the first 


time on the masthead, under this half- 


page. 


46,000 copies of this issue printed. 
Circulation audited and verified by 
Verified Audit Circulation Corp. 


Industrial Research is dedicated 
to reducing the time lag 
between invention and 
production. It seeks to do this 
by informing technical 
management, creative engineers, 
and research workers 

of new scientific developments 
and their profitable applications 
in all fields of industry. 


INDUSTRIAL RESEARCH 


200 S$. MICHIGAN AVENUE * CHICAGO 4 


Subscriptions: $5 for one year: $9 for two 
years; $13 for three years, to United States, its 
possessions; $1 extra for each six issues to for- 
eign countries and Canada. Foreign remittance 
by International Morey Order payable at Chi- 
cago, Ill., U.S.A. When changing address, please 
notify Circulation Dept. at address above. Noti- 
fication of changes of job title are requested. 


Advertising: I-R accepts 1, 2, 3, and 4-color 
ads, either offset or letterpress. Inserts, special 
paper stocks, die-cuts are available. Rate and 
data card showing complete closing date sched- 
ule, special colors, and frequency and bulk rates, 
is available to advertisers and agencies. Tele- 
phone: HArrison 7-1794, Chicago; address 
above. 


Editorial: Professional science writers, indus- 
trial executives, research workers, educators, 
artists, and photographers are invited to query 
the editor at address above, with ideas for 
articles or art. Do not send manuscripts with- 
out query. Answers to queries are prompt 


Reproduction prohibited without permission. 
Address the editor for permission to reprint 
articles. 


Copyright © 1961, by Scientific Research 
Publishing Co. Inc. 
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STATE-OF-THE-ART ARTICLES 


the I-R 1961 forecast: 

$14-billion tor research 

The Industrial Research annual review predicts 

a soft landing on the moon, vaccines 

for the common cold, high-temperature fuel cells, 
and many other developments for 1961, 

during which a record near-$14-billion will be spent. 


new materials for electronics . 
Advances in materials for today’s fastest-growing 
industry are making electronic designs obsolete. 
Ultimate goal is to “molecular engineer” 
materials to given specifications, 

by Dr. Rolf W. Peter, manager, 

Electron Devices Div., Watkins-Johnson Co. 


scientific sleuthing with a metaliurgist . 
Highly advanced test methods and equipment 

are used to develop evidence for court cases. 

by Leonard Taussig, director, 

Taussig Associates 


research and money . 


A brief essay on the always-not-so-obvious value 
of the relationship between research and money. 
by Dr. Piero Modigliani, 

author of Journal of a Scientician 


SPECIAL SECTION: MACHINES AND DECISIONS 


bionic machines 

—a step toward robots. 

Robot machines patterned after human, 

or biological, systems are emerging from the laboratories. 
by Dr. Peter M. Kelly, staff scientist, 

Aeronutronic Div. of Ford Motor Co. 


management machines 
—a systems approach . 


The most difficult aspect of establishing management 
machines is the lack of formalized objectives in business. 

by Dr. Alan J. Rowe, manager, industrial dynamics research, 
Hughes Aircraft Co. 


education machines 

—a trend toward automated teaching 
Machine education, albeit mechanical, 

may be the only answer for relieving teacher 

shortages in schools and industry. 

by Dr. R. E. Packer, senior training systems analyst, 
General Dynamics Corp. 


DEPARTMENTS 

feedback from readers. 
checklist for more information . 
the research trendletter 


advertisers’ index . 


NDUSTRIAL RESEARCH 


7 
FEB-MAR 
. . 64 
1 
~ 
| | MAR, 191 


FAILURE-FREE 
STACK-HOURS! 


RELIABILITY PROVEN BY 17,000 KW IN FIELD APPLICATIONS 


WESTINGHOUSE SILICON HIGH- 
VOLTAGE RECTIFIER STACKS 


af 
a 


New Westinghouse Stacks top their own failure-free record! 
Number of stack-hours for units currently in use has nearly 
doubled in less than six months! Proof not only of outstanding 
reliability, but of an increasing industry-wide acceptance of 
Westinghouse Silicon High Voltage Stacks. 


Why Westinghouse Silicon Rectifier Stacks are the most reliable. They are made 
to highest standards of circuit design, quality control, and assembly. Exclusive 
Westinghouse circuits guarantee uniform division of reverse voltages, provide 
optimum steady state as well as transient and overload characteristics. Only 
MIL Type shunting resistors, capacitors, and mounting boards are used. All 
components are 100°, tested before and after assembly. Spacing and cooling of 
components allows operating in ambient temperatures as high as 110°C. Asa 
result of these and other Westinghouse quality features, there is no record of a 
single stack failure in any type of application. 

Westinghouse Silicon Rectifier Stacks are available in a range of current 
ratings from 1.2 Amps to 18 Amps... from 9.6 K.V. to 35 K.V. For higher 
voltage requirements Stacks may be connected in series. 

For full information, or engineering assistance, contact your local Westing- 
house Representative or write: Westinghouse Electric Corp., Semiconductor 
Dept., Youngwood, Penna. SC-1016. 


You can be sure... if it’s Westinghouse 


MIL TYPE COMPONENTS 

Unique Westinghouse modular 
inserts feature MIL Type 
shunting resistors, capacitors, 
and mounting boards. All 
components are 100% tested 
before and after assembly. 


APPLICATIONS 

© Electrostatic precipitators 

© Radio broadcasting transmitters 
Radar transmitters 

@ Ultrasonic transducers 

e Radar pulse forming networks 
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IN ULTRASONIC 
CLEANING? 


Sure! Powertron’s Autosonic cleaner uses feed- 
back control the way missile guidance systems 
do—to ensure maximum reliability and efficiency 
Feedback control keeps the Autosonic electroni- 
cally tuned to peak cleaning efficiency, and 
makes it genuinely self-tuning. Anyone who can 
flip a switch can use an Autosonic. What's more 

the Autosonic is guaranteed to clean almost 
anything better, cheaper, and faster than other 
ultrasonic cleaners 


e 


A complete line of Powertron autosonic cleaners 
available from 2 gals. to 75 gals.—from 100 
watts to 3,000 watts—from $395 to $6,000 


A ten-minute demonstration in your own plant 
will show you what feedback control can do for 
your ultrasor cleaning problems. Just check 
your cleaning problems and send in this coupon 
and Powertron will do the rest 


Cleaning Removing = 
Electrical Buffing 4 
assemblie compounds 
Mechanical Shop dirt } 
assemblies Fluxes 

sit boards Waxes and oils rt 

Laboratory Degreasing 
glassware Brightening q 

urgical Radioactive 

trument contamination 1 
Engine parts Other 
Ceram please describe) 
components | 
Metal parts 
Other ] 


Check here if you'd like a free copy of our 


technical bulletin, to Clean Ultrasoni 

cally with Self-tuning.*’ 
Name j 
Title 4 
Company 4 
Address 
WRITE DEPT. iR-2 


TRON 
RASONICS CORP. 


NEW YORK - PIONEER 1- 


Office copying machines 
Sir 
Your article on office copying ma 
chines is an excellent review of the 
current state of some phases of the art, 
and should be most stimulating and 
informative to those who have not pre 
viously had an opportunity to examine 
detailed aspects of the field. It is easy 
to read, interesting, and accurate. Con 
gratulations on a fine job 
The article certainly represents an 
excellent example of the fine results 
that can be obtained from the exhaus 
tive type of research obviously per 
formed by members of your writing 
staff prior to publication of material 
in your magazine 
I find your publication one of the 
most useful of the many which come 
across my desk 
Meyer L. Sugarman Jr. 
Assistant Vice-President 
New Product Research 
American Photocopy Equipment Co 


Sir 

Our technical director, John Fa 
vorite, and others in our organization 
join me in commenting on your fair 
and comprehensive presentation of in 
formation in the article on office copy 
ing machines. The article was a good 
one, and one of the most comprehen 

sive we have seen. 
Sherman A. Lindell 
Department of Communications 
Minnesota Mining & 
Manufacturing Co 


Sir 

Under the “Thermo-Fax” process in 
your article on “Speedup in Office 
Copying,” you state: “Originals must 

be in carbon or metallic inks.” 
Sheaffer's “Reproduction Permanent 
Jet Black Skrip” was developed for 
fountain pen and all-round writing re 
quirements and it makes a record that 
reproduces very well by the Thermo 
Fax process. The 3-M Co. has given 
this writing-fluid a rating of “six” on 
the scale ranging from one to eight, 
and considers it reproduces very well. 
Carbon and metallic inks are not 

suitable for fountain-pen use. 
Robert Casey 
Research Laboratory 
W. A. Sheaffer Pen Co 


(The article Mr. Casey refers to reads: 
Originals must be of infrared absorp 
tive inks, such as carbon-based or me 
tallic inks.” Fountain pen ink is not 
specifically mentioned. However, the 
paragraph goes on to explain that 
early difficulties in copying some print- 
ing inks and ballpoint-pen inks have 
been overcome with products now “on 
the market which give good results in 
thermographic copying.” ) 


FEEDBACK /rom readers 


Sir: 

The article on office copying ma- 
chines is a very valuable contribution 
to knowledge of this dynamic rapidly 
changing field. It is changing so fast 
that it is hard to put down information 
one month which isn’t at least par- 
tially incorrect the following month. 

Joseph C. Wilson 
President 
Haloid Xerox Inc 
Computer applications 
Sir: 

The computer applications in the 
Industrial Research article (Vol. 2 
No. 6) is well written and organized 
for easy reading 

Naturally, as general manager of 
Bendix Computer Division, Mr. Hor 
rell would be biased toward the Bendix 
Computer line. It appears to be a free 
sales plug for Bendix Computers, since 
no other manufacturer is mentioned. 

However, I think your readers will 
enjoy the interesting and fairly com 
plete set of applications of computers 
contained in the article. 

Walter W. Varner 
Chief, Scientific Data Processing 
Convair] Astronautics 
Miniaturization 
Sir: 

The article “Miniaturization: Goal 
and Byproduct,” by Theodore Ber- 
land, which appeared in your Aug 
Sept. issue is a splendid summation of 
the trend toward miniature compo 
nents and circuitry. 

Weldmatic Division of Unitek Corp. 
has made and is making a considerable 
contribution to reducing the size of 
computers and electronic modules. In 
fact, the photo on the MIT-Francis 
Associates digital-computer logic unit 
on page 20 is an all-welded module 
produced with weldmatic equipment 

My congratulations to Mr. Berland 
His article was well written and is 
really a “hot” subject these days. 

Don A. Drake 
Weldmatic Division 
Unitek Corp. 
Editorial award 
Sir: 

May I extend my hearty congratu- 
lations on winning the Industrial Mar 
keting Award so early in your career. 
I know that you are justifiably proud 
of this achievement since it provides a 
little public recognition for all the 
sweat and tears that you have poured 
into your publication since its birth 

May you have many successful 
vears ahead with Industrial Research. 

Harold Kaplan 
Labline Inc. 
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Stimulus 
Sir: 

Your stimulating selection of arti- 
cles from Industrial Research in book 
form, entitled “Stimulus,” recently 
was passed along to me. It is really a 
very valuable book. I shall take it 
home and ultimately read it from cover 
to cover, and then use it as a reference. 

I found your preface article most 
interesting and well-written. In itself, 
it provides some stimulating truths 
that should be self-evident but, as you 
imply, are not. 

In your evaluation of the worth of 
scientific history we are in strong 
agreement. It reminded me of some- 
thing the general manager of a large 
military electronics department once 
told me, rather regretfully: “Unfor- 
tunately,” he said, “engineers do not 
write history.” This same statement is 
true also, but to a lesser extent, of the 
more literate (generally speaking) sci- 
entist. 

John J. Raffone 
Technical Information 
Bell Telephone Laboratories 


Japanese computers 


Sir: 

The M-1 computer to which you re- 
fer in your article on computer prog- 
ress in Japan was built at Nippon 
Telegram & Telephone Co. (a counter- 
part of AT&T in vour country) for its 
own use. NT&T does not manufacture 
computers. 

Incidentally, the name of the com- 
pany is Fuji Communication Co. There 
are many independent Fuji companies 
in this country, for example, Fuji 
Bank, Fuji Steel, Fuji Film, ete. Fuji 
is as popular a company name as 
American .. . Co., or the like in your 
country, 

Fujic, the first Japanese electronic 
computer, was built at Fuji Film Co., 
for its own use. This company is not 
marketing computers. 

I also would like to point out that 
Kokusai Denshin Denwa Co. (Japan 
Overseas Telegram & Telephone Co.) 
is planning to build the first reactron 
computer for its own use. KDD does 
not manufacture computers. 

Etichi Goto 

Department of Physics 

University of Tokyo 

(We've got to start brushing up on our 
Japanese!) 


General feedback 


Sir: 

Congratulations on your magazine 
which has set such high standards 
from its very inception. I read each 
issue with great interest and reward 
in gaining specialized information in 
which I am interested. This certainly 
has been needed for a long tme. 

Charles M. Smillie III 
Michigan State University 


POSITIONS OPEN 
FOR INQUIRING 
MINDS ON 


MANUFACTURING 
RESEARCH 
ENGINEERING! 


Engineering Special Projects 
Bendix of Kansas City, Missouri needs 
three Manufacturing Research Engineers 
to do original work with new materials, 
and close, more exacting work with ordi- 
nary materials—Minds that will inquire 
into the many branches of technology and 
bring together that combination of tech- 
niques capable of producing a unique 
product. As a Prime Contractor for the 
Atomic Energy Commission, our function 
is to give the Weapon Designer the great- 
est possible latitude in exploiting new 
materials and techniques. We do this by 
paralleling his design work with advanced 
development of manufacturing processes 
during the design phase. The control of 
processes must frequently be so precise 
that automation is required for that 
reason alone — production quantity 
notwithstanding. 


Engineers who can fill these positions 
must combine original thought with solid 
training in the basic physical sciences. 
They must be able to combine the reason- 
ing of several disciplines in the develop- 
ment of a solution. Minimum requirements 
include: 


* Bachelor's Degree in Mechanical, 
Metallurgical, Chemical or Elec- 
trical Engineering. 


Strength in one or more of the 
following fields: subminiature 
transformer and toroid production, 
plastic and rubber formulation and 
fabrication, chemical processes 
and metal finishes, and fabrication 
and assembly of precise and deli- 
cate electrical and electronic 
assemblies requiring special en- 
vironmental facilities. 


These are responsible positions for en- 
gineers who are qualified to do original 
and creative work, and who can demon- 
strate by a record of past professional 
accomplishment that they possess this 
ability. Ours is one of the nation’s most 
vital industries. We offer unusually 
generous company benefits, in a Mid- 
western community which is famous for 
its beauty and low cost-of-living. All 
replies will be strictly confidential. 


For Personal Interview send resume to 
Mr. K. L. Beardsley 
Box 303-SA 


THE 
CORPORATION 


KANSAS CITY DIVISION 


95th & Troost, Kansas City 41, Missouri 


Sir: 

In connection with my responsibility 
for new-product planning for the man- 
ufacturing companies of the General 
Telephone System, it is necessary for 
me to keep abreast of all technical 
developments in any field which may 
be of interest to us. These include 
electronics, lighting, communications, 
chemistry, metallurgy, etc. 

It is necessary, of course, for me to 
read many publications of both a busi- 
ness and a technical nature to try to 
cover the field. Most of these publica- 
tions are merely scanned for specific 
items of interest, but I would like to 
report that Industrial Research is 
read from cover to cover, including all 
articles, editorial matter, and even ad- 
vertisements. Keep up the good work. 

Richard M. Klein 

Manager of New Product Engineering 
General Telephone & Electronics 
Laboratories Inc. 


I-R wins citation 


Pardon us for bragging, but we're 
proud of a new gold plaque gracing 
our walls. 

INDUSTRIAL RESEARCH magazine has 
won one of three awards for editorial 
excellence in the best-design-appear- 
ance division of Industrial Marketing's 
22nd annual Editorial Achievement 
Competition for Business Publications. 

Two Time Inc. magazines — House 
& Home and Architectural Forum - 
took the other two awards in the in- 
dustrial publications category. House 
& Home won the first-place plaque; 
Architectural Forum and tNpustTRiAL 
RESEARCH received certificates of merit. 

These magazines were selected 
from among 703 publications by ad- 
vertising and industry leaders headed 
by Gustave Saelens, of American Cy- 
anamid Co. 

The April-May 1960 issue of I*R, 
which featured a photograph of a 
metal sculpture by Bertoia on the 
cover, was the issue submitted for 
judging. 

The award to the two-year-old 1N- 
DUSTRIAL RESEARCH magazine was 
accepted by Joseph F. Ryan, I*R mar- 
keting manager (see photo), on be- 
half of Neil P. Ruzic, editor & pub- 
lisher, at the presentation Nov. 29 at 
the Waldorf-Astoria. 
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By 


With the revolutionary new Potter High Den- 
sity Recording System, each reel of 1-inch 
tape holds as much data as 11 reels 
recorded by the most widely used com- 
puter tape system. 


For highly reliable computer applications, 
Potter High Density recording can give 
you data transfer rates of 360,000 alpha- 
numeric characters per second or more, at 
densities to 1500 bits per inch on 1-inch 
tape. Sixteen parallel channels can be 
accommodated on one-inch tape. Because 
Potter has made the information channels 
self-clocking, no separate clock channel is 
needed, and multichannel data can be read 
out in true parallel form, despite inter- 


WITH POTTER HIGH DENSITY RECORDING 


" In production units delivered by Potter, this 
dramatic new technique makes recording 
so reliable that in 40 hours of continuous 
operation,less than 2 seconds re-read time 
are required to recover information lost 
through transient error. Dropouts are fewer 
than 1 in 10’ at densities up to 1500 bits 
per inch. More than 20,000 passes of the 
tape can be made without losing informa- 
tion or significantly increasing the dropout 
rate. 


Tested and proven in computer systems, 
Potter High Density Recording is presently 
available in the Potter 906] High Speed 
Digital Magnetic Tape Handler, and will be 
available in other Potter Tape Systems. 


Write today for details on how High Density 
Recording can be applied to your data 
handling problem. 


See us at the IRE— Booths 3405-3407 


POTTER INSTRUMENT COMPANY, INC. * SUNNYSIDE BOULEVARD, PLAINVIEW, NEW YORK 
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ANACONDA uses covering of 


TENITE 
POLYETHYLENE 


for this lightweight, durable line wire... 


By covering this ACSR line wire with Tenite Polyethylene, Ana- 
conda meets the needs of both lineman and engineer. 

To the lineman, this covering means wire that is especially 
easy to handle—light in weight, fast stripping and flexible even at 
low temperatures. Its sleek finish creates no pulling problems. 


The engineer appreciates its resistance to weather, abrasion 
and heat, its good dielectric strength and freedom from festoon- 
ing. With insulation of tough Tenite Polyethylene, a smaller diam- 
eter is made possible which offers less area for wind resistance 
and ice loading. Also, the lighter cable permits wider pole spans. 

Tenite Polyethylene, an Eastman plastic, is easily extruded as 
jacketing or primary insulation for many diverse applications, 
from coaxials to control cables, from TV lead-ins to telephone 
wires. For high-frequency service, where a very low dielectric 
constant is needed, this versatile material may be “foamed,” with 
a resulting dielectric constant as low as 1.5. 

Leading wire and cable manufacturers throughout the country 
are now using Tenite Polyethylene as jacketing and insulating 
material. For further information, write EASTMAN CHEMICAL 
PRODUCTS, INC., subsidiary of Eastman Kodak Company, 
KINGSPORT, TENNESSEE. 


© Ge Ge 


POLYETHYLENE 


an Eastman plastic 


a 


@ Line wire manufactured by Anaconda Wire and Cable Com- 
pany, 25 Broadway, New York 4, N. Y. Covering extruded of 
Tenite Polyethylene. 


@ Both natural and black electrical grade Tenite Polyethylene are 
available to cable manufacturers in a unique spherical pellet 
form which flows freely in the extrusion process and in “air- 
veying” of bulk shipments from truck to bin. 
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WE’RE REACHING INTO SPACE 


7 Bell Laboratories research with 
chilled ruby amplifiers speeds the 
day we may telephone via satellites 


\ strange combination of Nature's forces at Bell 


Laboratories foreshadows the day when world-wide 
phone calls may be relayed via man-made satellites 
orbiting the earth. It is a union of synthetic rubies and 
extreme cold, making it possible to amplify microwave 
signals from these satellites clearly. 


Synthetic rubies possess an extraordinary property 
when deeply chilled and subjec ted to a magnetic field. 
They can be excited to store energy at the frequencies 
of microwave signals. As a signal passes through an 
excited ruby, it releases this energy and is thus ampli- 
hed a thousandfold. 


Bell Laboratories scientists chose a ruby amplifier 
because it’s uniquely free of “noises” that interfere with 


radio signals. For example. it doesn’t have the hot 


cathodes or hurtling electrons that generate noise in 
conventional amplifiers. It is so quiet that only the 
noise made by matter itself in heat vibrations remains. 
But at a temperature close to absolute zero, this also is 
silenced. Even very faint signals from satellites can be 
clearly amplified and studied for their possibilities. 


Bell Laboratories scientists were first to discover 
that matter itself generates electrical noise. They also 
discovered that stars send radio waves, and thus helped 
found radio astronomy. It is particularly fitting that 
the same scientists. in their endless research on noise, 
should now battle this number-one enemy of telephony 
in the dramatic new field of communication via satel- 
lites. The ultimate goal. as always, is the improvement 
of your Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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THE 


SPACE TRIUMPHS and 


record expenditures will highlight 
American research and develop- 
ment activities in 1961, according 
to most indications by government, 
industry, and research institutes. 

Among the space conquests will 
be a manned orbital flight, a soft 
landing on the moon, a telephone 
switchboard space station, and the 
perfecting of weather and _ recon- 
naissance satellites. 

Such scientific achievements will 
help push the nation’s R&D spend- 
ing close to the $14-billion mark 
about 12°; more than the estimated 
$12.5 billion spent in 1960. 

The National Science Foundation 
some time ago predicted that re- 
search and development spending 
would climb only to $13-billion in 


1961 FORECAST: 


$S$14-BILLION 
FOR RESEARCH 


1961. However, Industrial Research 
believes that the NSF estimate will 
be surpassed by almost $1-billion 
because of several factors and find- 
ings: 
Action by the new adminis- 
1. tration, which is critical of 
the defense program and committed 
to increasing the country’s economic 
growth rate. 
Continuing pressure of Rus- 
yd sian scientific achievements, 
particularly in space exploration. 
The findings of a recent IN- 
= DUSTRIAL RESEARCH survey of 
government agencies, industrial lab- 
oratories, and research institutes, 
which indicates an R&D buildup 
even in the early months of 1961. 
More than half of the $14-billion 
for research and development will 


be financed by the federal govern- 
ment, as has been the case through- 
out the 1950s. Yet, the bulk of the 
work—about three-quarters—will be 
performed by private industry. 
Here’s how the nation’s estimated 
$14-billion research and develop- 
ment budget probably will be spent 
in 1961: 
® R&D performed by 
industry, financed 
by government 
Government inter- 
nal research and 
development ...... 
# Universities and 
other nonprofit 


$5.2-billion. 


2.2-billion. 


institutes 1.6-billion. 
# R&D financed by 
industry 5.0-billion. 


The split between applied and 


by Victor J. Danilov, [-R editorial consultant, and the staff of Industrial Research 


Research Center, Linden, N.]J. 

At right, a two-piece lunar exploration 
suit is given a tryout by a staff member 
of Republic Aviation’s life sciences 
laboratory, where the suit was developed 
as “working clothes” for an astronaut 


the wearer can curl up inside 
the aluminum torso on a small 


HUGE BALL in photo 

at top of page, of steel 
construction, will be used 
to test solid rocket fuels. 

It is being built at the Esso 


on the moon. For resting, 


built-in seat. Advanced 
models will offer complete 
indoor environment. 
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EXPECT IN 1961: 


* Vaccines for measles and the common cold. 
* Greater understanding of the effects of radiation on life 


processes. 


* High-temperature fuel cells operating on natural gas. 
Ultra-high-speed computer transistors and diodes. 
* New stereo rubber catalysts outside the Ziegler develop- 


* 


ment. 


* Improvement in the cost and weight factors of solar cells. 


eee 


* Nuclear-powered merchant-cargo vessel. 
* Increased capacity and decreased cost of steel produc- 


tion. 


* Stronger, harder, and tougher plastics. 


* Strengthening of evidence that viruses are involved in the 


cause of cancer. 
Discovery of the 103rd element. 


An oral male contraceptive. 
Stronger metal alloys. 


* 
* 
* 
* 
* 


basic research will be about the 
same as it has been in recent years, 
with 95°, going into applied re- 
search and development and only 
5”,, devoted to fundamental studies. 

But there are signs that the ra- 
tio will be increased in favor of 
basic research in the coming years, 
as government and industrial lead- 
ers begin to recognize the impera- 
tiveness of uncovering fundamental 
knowledge on a systematic basis 


Iindustry’s $10.2-billion 


More than half of the $10.2-bil- 
lion in research and development to 
be performed by private enterprise 
in 1961 will be concentrated in two 
industries — aircraft, missiles, and 
parts; and electrical and non-missile 
electronics 

This category will be followed by 
the non-electrical machinery and 
chemical industries—-both of which 
receive substantially less govern- 
ment support for R&D 

The estimated R&D expenditures 
for industry—with approximate pro 
portion of government financing 
can be grouped as follows: 


INDUSTRY 


Aircrajt, missiles, parts (85% ) 


Electrical, non-missile electronics (61%, 
Machinery other than electrical (38%, ) 


Chemicals and allied products (9% ) 


(GOVERNMENT SHARE 


Dehydration of foods through freeze-drying. 
Elaborate private microwave systems. 


A glance at the government- 
support percentages points out why 
the stepping up or cutting back of 
government R&D spending has such 
a drastic effect in some fields. Gov- 
ernment funds finance more than 
half the R&D in such industries as 
aircraft, missiles, and parts (85°); 
electrical and non-missile electron- 
ics (61°73); and telecommunications 
and broadcasting (55°). 

On the other hand, federal ex- 
penditures constitute a_ relatively 
small proportion of industrial re- 
search and development in some 
fields, including stone, clay, and 
glass products (1°77); petroleum 
products (4%); and chemicals and 
allied products (9°) 


Budget boosts 


Regardless of the source of the 
funds, it appears that virtually 
every industry will be devoting 
more attention to research during 
1961 

Among the more spectacular 
budget increases reported in the I-R 


MILLIONS 


$3,250 
2000 


875 


Professional and scientific instruments (30%, ) 

Petroleum products (4%, 

Fabricated metal products and ordnance (40%, 275 
Telecommunications and broadcasting (55%, ) 260 
Primary metals (gov't share unkrown) 175 
Food and kindred products (gov't share unknown) 115 
Rubber products (gov't share unknown) 100 
Stone, clay and glass products (1%) 85 
Paper and allied products ( gov't share unknown 80 
All other industries (23% 1,500 


DON’T EXPECT IN 1961: 


Manned space platforms. 
A satisfactory solution to the disposal of atomic wastes. 
Economical conversion of saline water to drinking water. 
A vaccine against cancer. 

Manned landing on the moon. 

Commercial jets traveling faster than the speed of sound. 
Nuclear-powered planes or rockets. 


survey were 20°, for Hoffman Elec- 
tronics Semiconductor Division, 
25% for Carrier Corp.’s research 
arm, and 15° or more for the Insti- 
tute of Gas Technology. 

One of literally thousands of prob- 
lems being tackled in 1961 is tanker 
corrosion. If the problem is licked 
by the Esso Research & Engineering 
Co., Standard Oil and its affiliates 
could save $20-million a year. 

Dow Chemical Co. estimates that 
20 new products will result in 1961 
from its R&D work, on the basis of 
88 new products resulting from re- 
search introduced during the last 
five years. (These products ac- 
counted for more than 10% of 
Dow’s total sales volume in 1960.) 

Even more important is the fact 
that Dow’s accelerated research ef- 
fort has reduced the time required 
for a product to travel from labora- 
tory to market. The journey took 
eight years in 1957, five years in 
1959, and four in 1960. 

A significant share of industrial 
research is for new products. Manu- 
facturers estimate that 12%, of their 
1963 sales will be in new products 
developed since 1960. 

The greatest increase in new 
products—27°%,—is expected by the 
transportation-equipment industry, 
mostly aircraft. Other industries 
forecasting high new-product sales 
proportions are electrical machinery 
(189%), non-electrical machinery 
(16%), metalworking (15°), and 
chemicals (14%). 


The shape of 1961 research 


In conducting its annual R&D 
survey, INDUSTRIAL RESEARCH asked 
industrial, governmental, and insti- 
tutional leaders what effect they 
thought the change in administra- 
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1961 SPACE PREVIEW: 


tion and continued Russian scien- 
tific advances would have on the 
nation’s research and development 
volume. Here are some of the more 
interesting comments. 

Kent R. Van Horn, director of 
research for Alcoa, said neither 
Kennedy nor Khrushchev are likely 
to alter R&D expenditures to any 
extent. 

A similar view was expressed by 
L. M. Currie, vice-president of the 
Babcock & Wilcox Atomic Energy 
Division: “I don’t think the new 
administration will cause any major 
changes in atomic-energy programs, 
although there may be some accel- 
eration in space efforts. Similarly, I 
think Russian technical achieve- 
ments have been pretty well dis- 
counted and won't have any major 
effect on research spending in the 
U. 8.” 

Robert Henderson, Climax Mo- 
lybdenum vice-president, believes 
that R&D expenditures are “more a 
matter of timing and understand- 
ing’ than a result of political 
changes and other outside influ- 
ences. 

However, others disagree. J. F. 
Downie Smith, president of Carrier 
Research & Development Co., sum- 
marized many of the replies when 
he said: 

“I believe there will be a con- 
tinued increase in expenditures for 
research and development, which 
obviously will be influenced by any 
successes the Russians may have, 
particularly in outer space.” 

R. P. Dinsmore, vice-president of 
Goodyear Tire & Rubber Co., like- 
wise argues that the new adminis- 
tration, Russian achievements, and 
other external conditions are likely 
to stimulate research this year “‘be- 


U.S.S.R 


Saturn 
tel col mak 


Ve and other 


eco aissance 


42-TON VACUUM CHAMBER |eing installed 


at Republic Aviation’s R&D center, can simulate 


conditions man will encounter at 150-mile altitudes. 


It is used to study space-equipment needs. 


cause the universal answer to seri- 
ous problems is the pinpointing of 
scientific investigation to their solu- 
tion.”” However, he foresees more of 
a shift in emphasis than a major in- 
crease in research expenditures. 


Current trends 


Overall current trends in research 
are summarized by E. I. Green, ex- 
ecutive vice-president of Bell Tele- 
phone Laboratories: 

# The exponential rate of techno- 
logical advance can continue, at 
least through the near future. Some 
slowing-down is already apparent 
in certain fields, but for technology 
as a whole the momentum still is 
building up. Saturation is not yet 
in sight. 

® Technology is becoming vastly 
more complex, As a corollary to 
greater complexity, practically all 
technologies are fast becoming 
more interdisciplinary. Traditional 
boundaries between fields are col- 
lapsing. 

# The cost of technological ad- 
ance is going up at a disturbing 
rate because of the greater com- 
plexity, the highly competitive de- 
mand for technically trained per- 
sonnel, and the general inflationary 
trend. Accompanying the increase 
in R&D cost is a growing require- 
ment for capital investment in pro- 
ducing plant and equipment. 

# An ever larger percentage of 
R&D effort is being conducted at 
government expense. Up to now, 
this has reflected another trend: in- 
creasing emphasis on national se- 
curity. Government emphasis un- 
doubtedly will continue, at least 
over the next few years. 

# More and more emphasis is 
being directed toward human wel- 


fare, such as research on health and 
survival, plant and animal genetics 
and growth processes, food produc- 
tion and processing, and pharma- 
ceuticals. 

Specific developments that might 
be expected during 1961 follow: 


Missiles and aircraft 


This is the year that man will be 
hurled into space in an attempt to 
orbit the earth. Both the United 
States and the Soviet Union are 
poised for the historic shot. At the 
moment, it appears that the Rus- 
sians hold an edge, but the Ameri- 
can Mercury project may be ready 
early enough this spring to nose out 
the Soviets. 

Present plans call for the project 
to be launched with a Mercury- 
Redstone rocket on 15-minute trial 
flight over the Atlantic. The missile 
will carry one of the seven astro- 
nauts about 160 miles high at speeds 
up to 4,000 mph. 

The pioneering flight will be fol- 
lowed by several similar experi- 
ments, and then an attempt to orbit 
the earth with a manned satellite. 
The space capsule will circle the 
world three times at 17,000 mph in 
four-and-a-half hours, before _re- 
entering the earth’s atmosphere. 

If successful, the United States 
will have recaptured the space ex- 
ploration initiative from the Rus- 
sians. If not, Americans may have a 
second chance with the proposed soft 
landing on the moon. 

Wernher von Braun, director of 
the NASA’s George C. Marshall 
Space Flight Center in Huntsville, 
Ala., is confident that the United 
States will achieve both the manned 
orbital flight and a soft lunar land- 
ing during 1961. 
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The trip to the moon will be an 
unmanned, one-way journey de 
signed to test the feasibility of a 
manned landing and to transmit 
back to earth information about the 
moon’s atmosphere and surface. 

The landing will be at 
tempted with the imaginative “Ran 
At launching, the 
Ranger’s flanks are smooth, but once 
clear of the earth’s atmosphere, it 
takes on a butterfly appearance 
Two wing-shaped solar panels un 
fold and a parabolic radio antenna 
springs up. The panels seek out sun 
light and power a miniature televi 
sion camera during the last mo 
ments of the 240,000-mile flight. As 
the Ranger reaches the 
small capsule (referred to as “Ton 
of emerges from the 
craft, the nature of the 
lunar crust and telemeters the find 
ings 

At least three balloon-borne tele 
and seven more satellites 
ill seeking to learn more about ra 
diation in space, solar characteris 


moon 


ger” spacecraft 


moon, a 


course 


explores 


scopes 


tics, and the nature of the atmos 
phere also will be launched in 
1961 


Among the more noteworthy sat 
ellites will be the S-51, an American 
Scout rocket with a British pay 
load: the OSO (Orbiting Solar Ob 
servatory) that will keep its “eye” 
on the sun, and Ranger A-1 and 
\-2. two satellites that will be sent 
on million-mile trips into space 

Che vear also will see the launch 
ing of another Echo balloon satellite 
for passive bounce-a-signal-from 
space experiments; the sending up 
of an advanced Tiros “weather 
watcher” during the fall hurricane 
season, and the first attempt by pri 


vate industry to utilize satellites 


AT & satellite 

American Telephone & Telegraph 
(‘o. plans to use NASA rockets on a 
cost-reimbursable basis to place a 


communications satellite in orbit 


Under the proposed AT&T micro 
wave satellite system, ground tele 
vision or voice signals would be 


bounced off the satellite to almost 
iny spot on earth. Upon striking the 
sphere, the signals would be flashed 
back to earth. Company officials es 
timate that the initial satellite will 
be able to handle 50 two-way tele 
phone conversations at one time 

American missilemen will receive 
i lift where they need it the most 
in magnitude of thrust—-when the 
Centaur and Saturn are test-fired 
during mid-year 

The Centaur consists of an Atlas 
topped by a second stage 
burning liquid hydrogen. It will be 


hooste! 


able to lift 7,500 pounds into orbit 
or propel 2,000 pounds deep into 
space. 

The Saturn, a 230-foot monster 
which will generate 1.5-million 
pounds of thrust on lift-off, is de- 
signed to send 25,000 pounds into 
orbit, or propel a two-man space 
ship into orbit around the moon and 
back to earth 

On the military front, the United 
States will step up development of 
the Samos photo and Midas heat 
detector reconnaissance satellites: 
make ready the Army Pershing and 
Air Force Minuteman missiles; and 
place the first Titan intercontinental 
ballistic missile into operational 
readiness 

The Samos satellite is said to be 
capable of taking photographs as 
good as those from the U-2 while it 
orbits at an altitude of 200 miles 
The Midas satellite, less sensitive, 
uses heat detectors to pick up the 
exhaust gases of hostile ICBMs 


Will Dyna Soar? 


In addition to serving as a stra- 
tegic weapon, the 300,000-pound 
thrust Titan eventually will provide 
the booster for the Dyna-Soar, the 
highly publicized manned, hyper 
sonic space glider 

The Martin Co. will build the 
booster and Boeing will be respon 
sible for assembling and testing the 
unique craft, which the Air Force 
expects to be the forerunner of a 
rocket-launched passenger vehicle. 
When completed, Dyna-Soar will 
be capable of carrying passengers 
half way around the world in less 
than an hour 

Some space and aircraft projects 
will see results only after 1961. For 
example, there will be no manned 
space platforms or manned landings 
on the moon in 1961 

Plans for the commercial jet liner 
io travel at 2,000 mph also are 
hogged down. Some of the construc 
tion problems for such a craft are 
being solved in the Air Force B-70 
program, but the project needs gov- 
ernment money to supplement pri 
vate investment 

Despite the 25 cents out of every 
research dollar going into missile, 
aircraft, and parts research and de- 
velopment, it takes time to do the 
possible and more time to achieve 
the improbable 


Nuclear energy 


The question of additional funds 
also will receive a thorough airing 
in the nuclear research field during 
1961 as a result of increasing pres- 
sure and a report by the President’s 
Science Advisory Committee. The 
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RESEARCH FINANCING breakdowns 
for 1961 are given in the ba 

and pie charts above 

Photograph above shows 

the vacuum chamber used 

for testing an ion engine, 
developed for space travel 

by Goodrich-High Voltage 
Astronautics. At right, 

the Air Force’s Titan is readied 
for flight testing 

at Cape Canaveral. Nose cone 

is a test model of a re-« ntry 
vehicle. The 98-foot-tall Titan 
most advanced of U.S 
intercontinental ballistic 
is expected to become operational 


missile 


this year. It deve lops 
300,000-pounds thrust in its 
first-stage engine and 80,000-pounds 
thrust in its second-stage engine 

The missile’s airframe is produced 
by the Martin Co.’s Denver division 
u hic h also is re sponsible 

for assembly, testing 

and weapons-system integration 
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Industry 
$5.2-billion 


committee has recommended that 
the level of government support for 
high-energy physics research be in- 
creased from $59-million to $135- 
million by 1963, and to $500-million 
by 1970. 

The report, drafted by a special 
panel headed by Emanuel R. Piore, 
vice-president for research at IBM, 
says that the United States must 
continue to expand its research fa- 
cilities and programs to maintain 
its position of world leadership in 
nuclear energy. 

Whatever the outcome on _ the 
recommendation, nuclear research 
and development will continue to 
move ahead during 1961. Perhaps 
the most newsworthy development 
will be the completion and testing 
of the N.S. Savannah, the world’s 
first nuclear passenger and cargo 
ship. One fuel loading will take it 
300,000 miles, according to Bab- 
cock & Wilcox Co., one of the con- 
tractors. 

The year will see the start-up of 
at least three more big atomic en- 
ergy plants— Dresden, Yankee, and 
Indian Point. 

There also is a possibility of a 
major breakthrough in the harness- 
ing of new energy-conversion proc- 
esses this year. Avco Corp. and 10 
major private power companies are 
working together to put magneto- 
hydrodynamics into the factory as 
a power source. 

Several research centers plan to 
investigate spin-energy resonance 
techniques as tools in high-energy 
plasma research aimed at control- 
ing fusion reactions. 


Low-cost fusion 


International Telephone & Tele- 
graph may be nearing success in a 
low-cost fusion process. The process 
utilizes an electrostatic field in which 
clouds of electrons confine the hy- 
drogen atoms in a small area. Most 
efforts to date have centered around 
the use of magnetic fields to confine 
the reaction. 

Some of the most exciting nuclear 
experiments this year will be car- 
ried on by Argonne National Lab- 
oratory, which will complete con- 
struction of two new-type reactors 
the “Juggernaut” and the “Janus” 

early this year. 

The Juggernaut is a versatile re- 
actor with 25 times the power of its 
predecessors. It will be used to de- 
velop nuclear instruments and to 
conduct research in such areas as 
analytical chemistry and electron- 
ics. The Janus—named for the two- 
faced Roman god—-will be used ex- 
clusively for biological research. The 
unusual reactor will play an impor- 


tant role in the study of the effects 
of different neutron doses in small 
animals. 

A $17-million Fuels Technology 
Center also will be put into opera- 
tion at Argonne in 1961. The new 
facility will be utilized in the inves- 
tigation of nuclear-age metals and 
ceramics. 

A fourth new Argonne installa- 
tion that will have far-reaching im- 
plications is the Zero Gradient Pro- 
ton Synchrotron, a powerful new 
atom smasher that should be com- 
pleted in 1962. The synchrotron, 
housed in a doughnut-shaped struc- 
ture 58 feet high and 210 feet in 
diameter, will accelerate particles 
to energies of 12.5-billion electron 
volts before smashing them into tar- 
get atoms. The instrument will pro- 
duce all 30 presently known or 
anticipated elemental particles in 
large enough quantities so that their 
properties can be determined with 
precision. 

The atom’s nucleus also will re- 
ceive increasing attention from 
Brookhaven’s new 33-billion elec- 
tron-volt synchrophasitron, which 
was completed last year. The world’s 
largest atom smasher is about the 
size and shape of a race course. 

In addition to progress in smash- 
ing atoms, there is likely to be some 
advancement in the discovery of 
new elements. Glenn T. Seaborg, 
new AEC chairman, and others have 
hopes of increasing the number of 
identifiable elements from 102 to 
103 this year, and eventually to 118 
or more. 

The outlook is not as promis- 
ing, however, for solving the radio- 
active waste disposal problem, or 
for household use of irradiated 
foods, or nuclear-powered planes 
and rockets. 

However, nuclear air power is 
under development at the Los Ala- 
mos Scientific Laboratory for the 
Atomic Energy Commission, and 
the project is expected to move from 
an experimental reactor to the en- 
gine hardware stage sometime dur- 
ing the coming year. 


Life’s chemicals 


The art of re-creating life’s chem- 
icals will be intensified this year, 
following the 1960 achievements of 
synthesizing chlorophyll and dis- 
coveries concerning photosynthesis. 

Robert B. Woodward, of Harvard 
University, already has synthesized 
bits of chlorophyll, as have German 
scientists. Another important con- 
tribution was made last year when a 
team of University of Pittsburgh 
scientists successfully developed the 
biological equal of ACTH, the cor- 
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tisone-producing hormore that is in- 
valuable to arthritis and rheumatic 
fever sufferers 

The year also is likely to see the 
development of successful measles 


and cold inoculations, an oral polio 
vaccine, and an oral male contra- 
ceptive 

Some 10,000 children will be in- 
oculated this year against measles 
with experimental vaccines, based 
largely on the pioneering studies of 
Harvard's John W. Enders, a Nobel 
prize winner. If successful, one or 
more of the vaccines will be given 
the green light for large-scale pro- 
duction 

The National Institutes of Health 
is even more optimistic about a vac- 
cine against upper respiratory dis- 
eases like the common cold and in- 
fluenza, which affect as many as 
20-million Americans each year. 
Two laboratory teams—one at the 
Laboratory of Infectious Diseases in 
Bethesda, Md., and another at the 
Merck Sharpe & Dohme facility in 
West Point, Pa.—reportedly have 
the inside track. Development of 
the live-virus vaccine has been slow 
because of the difficulties in mass 
production 

Another development scheduled 
for 1961 is an oral male contracep- 
tive, which temporarily arrests pro- 
duction of sperm cells. It now is 
being tested clinically at two uni- 
versities 

The Rockefeller Institute and the 
University of California, on the 
other hand, are seeking to learn 
more about the causes of hereditary 
characteristics through the study of 
nucleic acids. Two of these acids 
DNA and RNA—-are believed to be 
the architects and modulators of 
heredity 

While there is little chance for 
development of a cancer -vaccine 
this year, there is a good possibility 
that the relationship of viruses to 
the cause of cancer will be discov 
ered 


Astronomy by radio 


Major developments will be forth- 
coming in the fields of optical, ra- 
dio, and solar astronomy during the 
year, spurred on by last year’s dra- 
matic feat of photographing galaxies 
in collision 6-billion light years 
away. 

The National Radio Astronomy 
Observatory in West Virginia al- 
ready is completed, and the world’s 
largest radio telescope —a_ 1,000- 
foot-diameter dish—in Puerto Rico 
should be placed in operation this 
fall. 

An underground solar telescope 
being constructed at the Kitt Peak 
National Observatory near Tucson 
will be completed in 1962. The tele- 
scope, which will reflect the image 
of the sun through a 380-foot-long 
shaft being bored in the top of the 
peak, will be used to study sunspots 
and solar flares. 


Supermetals and higher 
temperatures 


Work will continue this year on 
stronger, more resistant (especially 
heat-resistant) alloys for aerospace, 
nuclear reactor, and other uses. 
Several recent developments pave 
the way for further research: 

One is the successful measure- 
ment of the melting point of tech- 
netium, found to be close to 4000 F. 
Another is a new process developed 
for producing single crystals of 
highly refractory metals and some 
of their compounds. Now the single 


crystals can be worked at lower 
temperatures than normally pos- 
sible. 


A new method for shaping and 
bonding metals together by power- 
ful shock waves produced under 
water by an electrical discharge of 
some 20,000 volts will be explored. 

Westinghouse has come up with a 
“blueprint” for the design of super- 
weldable stainless steels that it ex- 


pects to nearly eliminate the alloy’s 
tendency to crack under the heat 
and stress of welding. 

A new metallic compound with 
unique on-and-off magnetic charac 
teristics will be put to work this 
year by du Pont. The new material 

a brittle, gray manganese com- 
pound—becomes magnetic as_ the 
temperature rises above a point pre- 
determined by its chemical compo- 
sition, and then returns to non- 
magnetic as the temperature drops. 

Motivated by the 1960 emphasis 
on lowering steelmaking costs to 
compete with foreign labor and new 
foreign developments, Esso Re- 
search & Engineering Corp. this 
year will be working on a new 
method to produce steel more eco- 
nomically. Esso’s concept calls for 
injecting hydrocarbons into the bot- 
tom of blast furnaces to increase 
capacity. 


Mechanics: 
translators and bearings 


Advances in mechanical engineer- 
ing this year may be expected in a 
wide range of applications from im- 
proved hypersonic wind tunnels, for 
testing aircraft at speeds of Mach 
15 and higher, to devices for cutting 
down air pollution from automobile 


exhaust (already offered on some 
1961 cars). 
Other developments to be ex- 


pected include perfection of a 600,- 
000-word “dictionary” to be used 
with a computer in the automatic 
translatian of Russian technical lit- 
erature at the rate of 360,000 words 
per hour. 

Among efforts on electronic read- 
ing machines, one has been demon- 
strated that can be taught to iden- 
tify correctly the letters of the 
alphabet after only 15 exposures; it 
can recognize letters in a typeface 
never “seen” before with 79%, ac- 
curacy. 

Frictionless bearings with high 
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1. Uptime’s Photo-Sensing Reader, 


which will read 3,000 punched cards a minute. 


2. A Westinghouse sub-generator, one 
of two which make up the world’s 
largest thermoelectric power plant. 


3. An electrostatic generator, 
developed by Goodrich-High Voltage 
Astronautics to operate an ion 
space-propulsion system. 


4. First nuclear-powered merchant ship. 


the 595-foot N.S. Savannah, a joint 
AEC-Maritime Administration project 
scheduled for completion this year. 


load-carrying characteristics and 
high-efficiency small motors are ex- 
pected this year. Also, Ford’s Aero- 
nutronic Systems Inc. plans further 
tests on the Levicar, a frictionless 
vehicle attached to a rail by “levi- 
pads.”’ A four-passenger experi- 
mental model is expected to provide 
design data for a later 40-passenger 
rapid-transit version. 

A 10-hp diesel engine burning a 
fuel mixture of half oil and half 
coal dust has been built. An experi- 
mental gas-turbine-powered hydro- 
foil ship was developed that goes 
50 mph on inland waters. And an 
experimental electric tractor pow- 
ered by 1,008 fuel cells pulled a 
multiple-bottom plow through 
parched, packed earth. These ad- 
vances point to the start of a 1961 
revolution in land transportation as 
well as in farm machinery. 


‘Battle’ for electronic 
dominance 


One of the most significant 
techno-scientific ‘‘battles’’ to be 
fought this year will be in the area 
of microcircuitry. ‘Albert G. Hand- 
schmacher, president of Lear Inc., 
feels there soon will be “haves” and 
“have-nots” in the electronics in- 
dustry— those manufacturers which 
have in-plant microcircuit capabili- 
ties and those that do not. Firms 
that master the technique will be 
able to supply the latest type cir- 
cuitry; those who do not have this 
capability will not be able to han- 
dle the business, except on a sub- 
contract basis. 

Microcircuitry——-a means of mak- 
ing conventional electronic circuits 
smaller and more reliable—is fun- 
damentally different from conven- 
tional electronics engineering and 
manufacturing. Because of their ex- 
tremely small size, microcircuits 
must be fabricated initially as part 
of the electronic circuit in which 
they will be used. 


NEW DEVELOPMENTS fromm research include: 


Hoffman Electronics Corp. and 
other firms expect to develop new 
ultra-high-speed computer transis- 
tors and diodes and to improve the 
cost and weight factors of solar cells 
during 1961. 

The new year also is certain to 
result in more advanced computers 
and improvements in_ peripheral 
equipment. For example, the Up- 
time Corp. photo-sensing technique 
will read punched cards at speeds 
from 400 to 3,000 cards per minute. 

Developments last year also are 
likely to lead to a mushrooming of 
private microwave communication 
systems. RCA, for instance, came up 
with a device that permits utiliza- 
tion of microwave frequencies up to 
20,000 megacycles, a level formerly 
not used for space communication 
systems. 

And a new electronic transmis- 
sion method, “thin-route-tropo,” will 
undergo final tests; it requires an 
antenna only four feet wide and 
eight feet high, reducing transmis- 
sion costs 607%. 

Electroluminescence and thermo- 
electricity will be under continued 
study this year. The most powerful 
thermoelectric generator built to 
date will be tested further by West- 
inghouse Electric Corp. The gener- 
ator, developed for the Naval Bu- 
reau of Ships, delivers five kilowatts 
of power by direct conversion of 
heat into electricity, without moving 
parts. 


Chemicals: fuels and plastics 


As research is directed toward 
turning heat directly into electric- 
ity, other projects are in the offing 
for converting chemical energy di- 
rectly into electricity. A portable 
fuel-cell power plant already has 
been developed for mass production 
for the armed services. It has no 
moving parts, never needs recharg- 
ing, but produces electricity to 
power radar systems directly from 
its fuel, the metal hydride. 


The Institute of Gas Technology 
foresees development of high-tem- 
perature fuel cells operating on 
natural gas, and considerable prog- 
ress in 1961 in delineating the most 
favorable processing conditions for 
producing synthetic high-Btu gas 
from coal and oil shale. 

Amperex Electronic Corp. has 
produced a “plasma torch” that uses 
a radio-frequency field to generate 
temperatures approaching that of 
the sun, without consuming any fuel 
or electrodes. The torch has appli- 
cations in such fields as the investi- 
gation of missile re-entry, spraying 
of high-melting-point metals and 
ceramics, petroleum cracking, and 
welding. 

In plastics, polypropylene—a ver- 
satile material that retains its basic 
shape up to 290 F—will have more 
and more applications in packaging 
this year. Esso Research has devised 
a continuous process for producing 
polypropylene. 

In the rubber field, Goodyear Tire 
& Rubber Co. expects to see im- 
provements in production and qual- 
ity of stereo rubber during the com- 
ing year. It is possible that new 
stereo catalysts will result from the 
work, and that stereo rubber will 
establish itself more firmly as the 
economic equal of natural rubber. 

Whether any of the many projects 
reviewed here will bear fruit during 
1961 of course is unpredictable, but 
a quick check of last year’s /*R 
Forecast for 1960 (Feb-Mar 1960 
issue) will reveal that most of the 
laboratories’ and manufacturers’ 
hopes were realized, at least in part. 
It should be noted that literally 
thousands of research and develop- 
ment projects — possibly of equal 
significance to the ones presented 
are underway, and that their omis- 
sion here is due only to lack of 
space. Meanwhile, as always, re- 
search remains a gamble, but in- 
creasingly less so than the lack of 
research. . 
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q NON-STOP PRODUCTION OF LENS GLASS... 


1 

: PLATINUM DOES BETTER FOR LESS. In this hot end of the 
Bausch & Lomb continuous-flow furnace anly platinum has the 
stamina to stand up long enough to return a profit. It is used 
as a lining material and in agitators and thermocouples. 


. Where any metal but Platinum 


It seemed preposterous at first. Line even part of a 5-ton capacity furnace with 
platinum? ... 


But the engineers at Bausch & Lomb had a case and proved it. The only 
sure way to contain glass at volcanic heat for month after month is in platinum. 


The proof? Platinum melts at 3224°F (1770°C). Retains adequate strength 
at ophthalmic glass refining temperatures (2600° - 2700°F). Doesn’t- dissolve 
in the melt to discolor, or degrade quality. Doesn't erodé or corrode in molten 
glass stream. 


No other material provides the consistent purity essen- 
tial to the economical mass-production of quality lenses. 


The metal that masters molten glass may master a problem for you. 


Where conditions involve high temperature and product purity, as in the 
production of lens glasses; or require peak catalytic efficiency, as in the 
refining of high octane gasoline; or a combination of severe. corrosion and 
erosion must be met, as in the case of rayon production: or hard, highly con- 


— 
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Platinum-lined five-ton furnace continuously fills molds 
with ophthalmic glass at Bausch & Lomb, makers of fine 


18 months without shut- 
would cost too much os own. Glass must pass quality tests. 


ductive surfaces, as in the production of printed electrical circuits; and many 
other products, the platinum metals have proved to be most economical. 


CAN THESE PROPERTIES OF THE 
Progress in research and development indicates a growing need for ma- ie a a ae 
terials to cope with higher temperatures, higher pressures, more severe com- Mee EAE? 
binations of operating conditions . . . materials of proven ability to deliver High Temperature Stability 
long, trouble-free service life. To this end the unique potentials of the six 
platinum metals are being thoroughly explored on a continuing basis. 


Exceptional Chemical Inertness 

Superior Wear Resistance 
Platinum, palladium, ruthenium, iridium and rhodium all have unique Peak Catalytic Activity 

properties, well worth your attention. Specialists are prepared to work closely 


Low Vapor Pressure 
with you in evaluating these metals for new commercial and scientific uses. 


As a first step, write us for additional data on the unusual properties and The six platinum metals are: 
successful applications of the six platinum metals and their alloys — indicating PLATINUM « PALLADIUM + RHODIUM 
your field of interest or how we might be of assistance. RUTHENIUM - IRIDIUM - OSMIUM 


4», 
JNCO, PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 
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CHECKLIST FOR MORE INFORMATION 


j 


siule record of tree offers for wntormation on new 


} MLUCLS, TLEW CMLPLOY nt opportunitves. 


New products 


SILICON RECTIFIER STACKS that 
double the number of stack hours for units cur- 
rently in use are available in a range of current 
ratings from 1.2 amps to 18 amps, for 9.6 K.V. to 35 
K.V. For additional information, write to Dept. 
SC-1016, Westinghouse Electric Corp., Semiconduc- 
tor Dept., Youngwood, Pa. 


A MAJOR CAUSE OF TRANSISTOR 
FAILURE can be eliminated by building a tran- 
sistor inside its own shell. The new method, called 
“Planar Structure” is explained in a 12-page bro- 
chure available from Fairchild Semiconductor Corp., 
545 Whisman Rd., Mountain View, Calif. 


SILICONE FLUIDS developed by Dow 
Corning make it possible to design more efficient 
mechano-fluid devices. They are resistant to oxida- 
tion, are non-gumming and non-sludging, and are 
serviceable at temperatures from —100 F to +400 
F. Write for a descriptive brochure to Dept. 4414, 
Dow Corning Corp., Midland, Mich. 


HIGH-DENSITY RECORDING system, 
with each reel of one-inch tape holding as much 
data as 11 reels recorded by conventional systems, 
has been developed for highly reliable computer 
applications. The system permits data transfer 
rates of 360,000 alpha-numeric characters per sec- 
ond or more, at densities of 1,500 bits per inch on 
one-inch tape. Write to Potter Instrument Co. 
Inc., Sunnyside Blvd., Plainview, L.I., N.Y. 


NON-CONTACT-CAPACITANCE gaging is 
now practical and economically feasible with meas- 
uring instruments developed by The Decker Corp. 
Any variable that is converted into a change in 
capacitance can be measured, recorded or con- 
trolled by the instruments which incorporate ion- 
ized transducers. Write to The Decker Corp., Bala- 
Cynwyd, Pa. 


ULTRASONIC CLEANERS with feedback 
control provide maximum reliability and efficiency 
for cleaning operations. Send for a copy of ultra- 
sonic cleaning booklet, Dept. IR-2, Powertron 


Ultrasonics Corp., Patterson Pl., Roosevelt Field, 
Garden City, L.I., N.Y. 


TEMPERATURE INDICATING PAINTS 
which change from one color to a different one when 
certain temperatures are reached, have been de- 
veloped for use in hundreds of operations. Write for 
folder to Curtiss-Wright, Princeton Div., Princeton, 
N.J. 


(| DUAL-BEAM OSCILLOSCOPES permit the 
display of four different waveforms at once, and 
operate in conjunction with any combination of 16 
“letter-series” plug-in units to provide signal- 
handling versatility and reliable performance. Write 
to Tektronix, P.O. Box 500, Beaverton, Ore. 


(| LIGHTWEIGHT LINE WIRE with jacket- 
ing or primary insulation of tough polyethylene 
that meets the needs of both linemen and engineers 
is available from Eastman Chemical Products Inc., 
Kingsport, Tenn. 


[}] POWERFUL CARBON ARC is available for 
use as artificial simulator of solar energy in the de- 
velopment and testing of space vehicle components. 
Write to The Strong Electric Corp., 390 City Park 
Av., Toledo 1, Ohio. 


Ideas 
(| PLATINUM METALS provide high temper- 


ature stability, exceptional chemical inertness, su- 
perior wear resistance, peak catalytic activity, and 
low vapor pressure characteristics for new commer- 
cial and scientific uses. Write for application data 
to Platinum Metals Div., The International Nickel 
Co. Inc., 67 Wall St., New York 5. 


(}] AN ELECTRONIC COMPUTER ordinarily 
is a large expense. But Bendix Computer has infor- 
mation showing how at a low initial investment, 
without adding special personnel or facilities, you 
can start now to provide your firm with the money- 
saving speed and precision of electronic computa- 
tion. For application and other information, write 
to Bendix Computer Div., Dept. Y-29, Los Angeles 


15. continued on page 61 
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TRENDLETTER Feb-Mar, 1961 


Dear Sir: 

New increases in the output of thermoelectric cells, breakthroughs 
in development of other unique power sources, and the introduction of products 
using these sources all indicate growing research emphasis in energy conversion. 
(This also will be the subject of a special edition of Industrial Research, to be 
published next Fall.) 

Latest evidence is that thermoelectricity's figure-of-merit (an index 
of quality) has no technical limit, according to papers presented at the Symposium 
on Thermoelectric Energy Conversion in Dallas last month. Proceedings of the 
symposium, which was sponsored by the Navy and seven technical societies, will 
be published by Perganon Press, 122 E. 55th St., New York 22. 


Most recent thermoelectric product on the market is a line of 
generators for commercial and industrial uses, produced by the Westinghouse 
Semiconductor Dept., Pittsburgh 30. The generators have no moving parts, can 
produce low-voltage, high-current d-c, and can operate unattended and trouble- 
free for long periods in remote locations. Westinghouse is offering four sizes-- 

5, 10, 50, and 100 watts--and will produce other ratings on order, 

Other thermoelectric devices now being sold "off-the-shelf" include 
mercury-vapor coolers (Minnesota Mining & Manufacturing), transistor coolers 
(Westinghouse), and elements and modules (General Thermoelectric and Melcor). 


A fuel-cell power pack weighing only 45 pounds--replacing 1, 000 
pounds of batteries--soon will be delivered to the Marine Corps by General 
Electric's Aircraft Accessory Turbine Dept., Schenectady, N.Y. Models like it 
will not be available to industry for several years, however. 


A gas turbine which will reduce engine weight from 5,000 to 600 
pounds on earth-moving and construction equipment is being tested at U.S. Army 
R&D Laboratories, Ft. Belvoir, Va. The turbine, developed by General Motors to 
replace conventional Diesel tractor engines, requires heavier gearboxes, which 


somewhat offsets the weight reduction. Horsepower increases slightly--from 200 
to 206. 


An experimental communications system employing ultraviolet 
radiation as a carrier frequency has been demonstrated by Westinghouse Electric 
Corp., Pittsburgh 30. Experiments to date indicate ranges of 15-million miles can 
be achieved, At lunar distances, ultraviolet radiation would be sufficient for the 
transmission of video information. As a carrier, ultraviolet should prove superior 
to infrared and radio waves because antenna gains of several million can be ! 
achieved and because ultraviolet systems are relatively free of celestial and 
thermal noise. 
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Military and commercial microwave communications systems may 
become a reality because of the development of new Varactor diodes by RCA, 30 
Rockefeller Plaza, New York 20. The Varactors, smaller than buckshot, are so 
sensitive they will pick up and amplify microwave signals transmitted at 
frequencies close to those of infrared. 

Microwave systems which may result from the diode advances will 
be superior to present communications systems because the microwaves will be 
virtually immune to enemy jamming, will extend communications into the higher 
radio bands, and will use small, low-cost, long-lived receivers. 


computers 


A memory cell made up of three cryotrons has been developed by IBM, 
590 Madison Av., New York 22. The cell, which combines storage and elementary 
logic operation, may allow all memory storage points within a computer to be 

searched simultaneously--a time-saver over the present sequence~search process. 


The postage stamp-size memory unit formed from the three-cryotron cells is shown in 
photograph No. 1. 


Latest development in computer language, “cobol" (common 
business oriented lanquage), makes it easier than ever to talk to machines because 
it uses plain English. With cobol, computer programs in English for the first time 
have been interchanged successfully between data processing systems of different 
manufacturers--RCA, 30 Rockefeller Plaza, New York 20, and Remington Rand, 315 
Park Av., New York 10. 

Remington Rand claims as a major scientific breakthrough its 
practical thin magnetic-film memory, which permits computers to operate in 
billionths rather than millionths of a second. 


A closed-loop control system is being put into operation at a 
catalytic cracking unit for the first time by Gulf Oil Corp., Box 1166, Pittsburgh 30, 
at its Philadelphia refinery. A computer now will control the two major process 
variables--reactor temperature and recycle ratio. Automatic operation is expected 
to result in efficiencies within 5% of theoretical perfection. 

Based upon previously established records, a reliability of better 


than 99.5% is predicted for the digital computer being used, the Thompson Ramo 
Wooldridge RW-300. 


An analog simulator, equivalent to 50 analog computers, will be 
used in flood-control operations within the Kansas River basin. Being designed ~ 
and built by the Civil Engineering Dept., University of California at Berkeley, the 
simulator will help engineers decide when to store or release water from 

reservoirs during flood threats. 


aircratt 


A three-dimensional air traffic control system, often suggested as 
the answer for preventing such disasters as the recent mid-air collision over New 
York City, actually has been developed and has been in successful operation for 
several months in Zurich, Switzerland. To produce the 3-D system, Contraves 
A.G. of Zurich combined its Fledermaus Radar System with the Iconorama (three- 


dimensional data processing and display system) of Fenske, Fedrich & Miller Inc., 
Los Angeles. 
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materiais 


Synthetic diamonds larger than a carat have been produced by 
General Electric Co., Schenectady, N.Y. However, so far the big man-made gems 
are too dark for milady's jewelry and lack the structural strength needed for 
industrial use (see photograph No. 2). It is possible to make 1/l0-carat diamonds 
strong enough for industry, but even this size is much larger than any synthetic 
stone now available commercially. Because of the uncertain conditions in the 
Congo, the major source of natural diamonds, man-made gems have taken on 
added importance, 


Controlled-porosity bodies can be produced by pressing and 
sintering, by using spheroidized particles of many types of materials now available 
from Thermal Dynamics Corp., Lebanon, N.H. In addition, this technique 
increases the flowability and packing of the particles. 


A new process for joining copper parts has been announced by Chase 
Brass & Copper Co., Waterbury, Conn. A special coating is applied to copper which, 
when heated to 1700-1800 F, forms a diffusion-homogeneous bond to any copper or 
high-copper alloy held in good contact with it. The process is expected to 
facilitate the automation of joining operations and bring about production economies, 

Possible applications include electric motors, generators, trans- 
formers, heat exchangers, and various electronic devices. It is claimed that the 
bonded joint is as strong as the metal joined, and that the bond is suitable for use 
where the joint must be vacuum tight. 

For the assemblies shown in photograph No. 3, the strip surface was 
coated with a bonding agent, but no coating was applied to edges. 


Achievement of laser action (light amplification by stimulated 
emission of radiation) with about one-tenth the power formerly required has been 
announced by Raytheon Manufacturing Co., Waltham 54, Mass. 

More efficient direction of input light has accomplished the power 
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savings, which may speed the highly desired development of a continuous light 
beam for "light radar" and other applications. Also, the smaller power supply 
needed will hasten its future use in aircraft. In Raytheon's new laser (photograph 
No.4), a ruby rod at center and a flash tube below are positioned on focus lines 
of an elliptical reflector. 


Leads as fine as 0.000l-inch in diameter can be welded with a new 
ultrasonic welding and soldering unit produced by Cavitron Corp., Long Island City, 
N.Y. The equipment is capable of joining a multitude of shapes and types of 
material such as 0.0004-inch-diameter gold wire, 0.002-inch-diameter nickel leads, 
gold wire soldered to gold-plated silicon or 0.003-inch aluminum foil, 0.0015-inch 
gold-gallium alloy, and 0.00l-inch copper-nickel alloy with 28% indium. 


A new solid-state operational amplifier is available from George A. 
Philbrick Researches Inc., 285 Cclumbus Av., Boston, Mass. The amplifier features 
low-current drain (10 milliamperes), high-input impedance, and high gain. 


A battery-operated, three-channel miniature tape recorder is avail- 
able from Precision Instrument Co., 1011 Commercial St., San Carlos, Calif. (See 
photograph No. &.) The recorder operates at 1-7/8-inch-per-second tape speed. 
Frequency response,is essentially flat from 100 to 5,000 cps, with negligible 
flutter and wow (a condition resulting from uneven tape speed). Signal-to-noise 
ratio is better than 30 decibels. 


A precision balance for weighing objects up to three milligrams, and 
in the range up to 50 grams, has been introduced by Federal Pacific Electric Co., 
50 Av. L, Newark 1, N.J. (See photograph No. 6). 


U.S. Radium Corp., Morristown, N.J., has brought out the Ionaire, 
a compact desk- or table-top device capable of generating l-billion negative ions 
per second (photograph No. 7). Medical research has shown that a sufficient 


number of negative ions in the air will reduce nose and throat congestion and make 
breathing easier. 
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World Center for APPLIED RESEARCH 


[Industry's name for Progress| 


“We have exceptional resources — human resources, resources of skill and 
talent, a great reservoir of intellectual energy and ideas, and a climate 
stimulating to innovation in the realm of ideas...” 


These are the words of Dr. James R. Killian, Chairman of M.LT., in describing 
Massachusetts as a focal point for scientific achievement. 


Let us provide you with detailed, factual material about the superior facilities 
for Applied Research in Massachusetts — where people in science like to locate. 
John A. Volpe — Governor 


MASSACHUSETTS DEPARTMENT OF COMMERCE 


150 CAUSEWAY STREET, BOSTON, MASSACHUSETTS Tetepnone LAS-6640 
JOHN T. BURKE, COMMISSIONER 


NEW YORK: 630 FIFTH AVE. — JUdson 6-4848 WASHINGTON, D.C.: 713 ALBEE BLDG. — District 7-8343 
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A LABORATORY IN JOHANNESBURG 
IS WORKING FOR YOU 


Possibly you have never even heard of the Diamond Research Laboratory of Johan- 
nesburg. Yet its findings are of great importance to every user of industrial diamonds. 


Established in 1947, the Diamond Research Laboratory is sponsored by Indus- 
trial Distributors (1946) Ltd. Its work is devoted exclusively to investigations on 
all phases of the diamond. 


In its brief 13 years of existence, the Laboratory’s developments have been of 
great significance. They include: 


e increase in efficiency of natural diamond grit in resin and metal-bond grinding wheels 
e considerable improvement in design and performance of diamond drill crowns 


e development of electrolytic method of resharpening tungsten-carbide-tipped per- 
cussion drill bits 


e development of diamond thermistors for highly accurate temperature measurements 
e vector orientation, by X-ray, of diamond tool stones 


Obviously, this intensive—and costly—research cannot be carried on by individual 
users of industrial diamonds. But Industrial Distributors, world distributors of nat- 
ural industrial diamonds, has undertaken this responsibility for interested users 
throughout the world. 


The Diamond Research Laboratory is in Johannesburg. But it’s working for you. 


\ 
h INDUSTRIAL DISTRIBUTORS (SALES), LTD., LONDON 


INDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING... ESPECIALLY YOUR PRODUCTION COSTS 


Re n-honded diamond erind ng vheels are tested in a care fully cr ntrolled « rperime nt. 


In two year f testing, 450 separate wheels were ised to grind away two tons of carbide. 
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A specially developed type of grit enables resin-bond 


diamond wheels to grind rapidly and efficiently. 


A diamond abrasive wheel is tested at the Diamond Research 


Laboratory by surface grinding a block of tungsten carbide. 


Staff member counts number of diamond grit particles which 


appear on the screen of a microscope. This instrument was 


especially developed for checking the shape of diamond grit. 


Laboratory drilling machine tests the effi- 
ciency of diamond drill crowns in granite. 


IF YOU ARE INTERESTED 
in the Laboratory’s work, please fill 
in this coupon. You will receive a copy 
of this attractive booklet outlining 
the function and the findings of the 
Diamond Research Laboratory. 


DIAMOND RESEARCH LABORATORY 
Johannesburg, P.O. Box 104, Crown Mines 

Union of South Africa 

Please send me a copy of THE DIAMOND RESEARCH 
LABORATORY. 


Name 
4 } Company 
4 Street 
City State 
Country 
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bionic machines 


-a step toward robots 


re with human-like abilities 
for discrimination and judgment — have stirred the 
imaginations of scientists for centuries. : 

The robot dream has been moving continually 
closer to reality with modern developments in elec- 
tronics, and during the last 15 years designs for 
preliminary devices have been attracting more and 
more attention. Coupled with the fascination of 
robots have been practical needs, especially for mili- 
tary applications. 

In many fields of electronics — servomechanisms, 
digital computers, radar, communications, naviga- 
tion — weapons systems are becoming obsolete al- 
most before they can be put into use. More adapt- 
able electronic systems are needed, planned along 
the governing principles of biological systems. Such 
proposed electronic systems are labeled variously 
as bionic systems, bio-computers, or simply self- 
adaptive systems. 

A strong demand for the biological approach to 
electronics has arisen because research results indi- 
cate that initial designs may be feasible, and because 
the defense department needs electronic controls, 
computer systems, and sensor networks which are 
both highly advanced and sufficiently flexible to 
adapt to changing definitions of stated tasks. 

Evidence of progress includes a “neuron that 
learns” at Ford Motor Co.’s Aeronutronic Div.; a 
similar unit at Stanford Research Institute; the Per- 
ceptron project at Cornell Aeronautical Laboratory; 
and research studies on the learning process at most 
leading electronic firms, especially IBM, Melpar, 
GE, and RCA. 

A probable influence toward the current surge of 
activity in bionics was last summer’s Moscow Con- 
ference on Control Systems, at which American sci- 
entists saw Russia’s preoccupation with self-adaptive 
machines. 


Over the threshold of money 


Another factor, difficult to evaluate, is the finan- 
cial “threshold effect” — the doorstep in national 
affairs across which a new activity must be pushed 
by enough influential people convinced of its merit. 
That this threshold just recently was passed for bio- 
computers can be seen in the Wright Air Develop- 


by Dr. Peter M. Kelly, 


staff scientist, Aeronutronic Div. of Ford Motor Co. 


With more than 12 years 

rience in radar 

and communications 
electronics, Dr. Peter Kelly 
has been responsible for design 
and construction 

of instrumentation radar 
for Navy missile testing, 
and also has conducted 
studies on other radar 
proble ms connected 

with missiles and earth 
satellites. A Cal Tech PhD 
in elcctrical engineering 
and physics, Kelly recently 
shifted his position 

at Aeronutronic, from radar 
department head to staff scientist, 
to devote full time 

in development of cognitive 
radar techniques 
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ment Div. bionics budget of more than $1-million 
for 1960-61, in contrast with the previous year’s 
$40,000 allocation. 

Highest of today’s hopes are centered on develop- 
ment of true robot systems. But the more conserva- 
tive observer may see only limited possibilities — 
an increasing number of separate results, so far un- 
correlated, which show the feasibility of adding self- 
adaptive features to electronic systems. 

In discussing bionic systems, it indeed is difficult 
to hit the desired tone of restraint-tempered enthu- 
siasm. Scientifically respectable evidence for success 
definitely exists. Yet, potential of the field is so 
staggering — ranging as it does from recognition 
radar and robot space navigators to mechanical 
gardeners — the actual work accomplished looks ex- 
tremely meager. 

But as biological electronics becomes more and 
more fashionable, it is inevitable for all new systems 
to be designed along bionic lines, just as it was 
fashionable in earlier days of semiconductor de- 
velopment for new system proposals to contain 
plans for transistorizing electronic units. Currently 
for example: 

* Aeronutronic’s PACM-FM telemetry system, 
using a combination of analog and digital tech- 
niques, is influenced by similar features of biological 
systems. 

® Bell Laboratories’ new N-Path filter is effective 
because it contains a large number of paths between 
input and output, reminiscent of nerve networks. 

* General Electric’s adaptive filter will work in a 
prosaic communications system, but in itself is in- 
fluenced by biological principles. 

Thus bionics is growing rapidly with no clear line 
of demarcation between it and electronics in gen- 
eral. This is a natural course, since even present 
electronic systems often have been described in 
terms of biological systems (giant computers have 
been compared with human brains; conversely, we 
say that bats have built-in sonars). 


Bionic byproducts 


Bionics research also should produce useful by- 
products that can be put to use immediately as part 
of existing electronic systems. These new products 
will break down the boundary between old and new 
electronics research. 

The rapidly developing situation, with implica- 
tions for design of electronic systems of all types, 
means that some electronic firms will find them- 
selves in favored positions. Such is the case, for ex- 
ample, in companies with vested interests in bionics 
techniques through past in-house or government- 
sponsored research. Some firms have well-recognized 
skills in closely related fields such as digital com- 
puters or sophisticated communications systems. 
Others have broad system responsibilities under 
which they can justify developing bionics capabili- 
ties. Still others have developed miniature compo- 


nents or microminiaturization techniques. 

( Miniaturization is important, for bionic svstems 
are characterized by decentralized structures re- 
quiring large numbers of very small parts, as does 
the animal nervous system. To keep the electronic 
analog of an animal system reasonably small in size 
calls for a high order of microminiaturization.) 

Bio-computers have been defined as machines ca- 
pable of recognizing, abstracting, learning, and gen- 
eralizing. (If this sounds like “thinking,” the reader 
may wish to refer to a more detailed discussion in 
“Automata” in the Spring, 1959, issue.)All four 
functions necessarily are closely interrelated. 


Recognition: telling an A from a b 


Recognition, as has been emphasized by a number 
of scientists in this field, implies that learning has 
been accomplished. If a bio-computer is organized 
so that a bell rings each time a rigidly prescribed 
pattern—such as a certain size and type letter A — 
appears in the sensory field, then it can be said that 
the machine recognizes the letter A. 

A coding, or preorganization, section of the ma- 
chine exists to detect certain points of interest in 
the pattern, such as geometric features. This sec- 
tion, containing components variously referred to as 
“translational and interpretative” (T & I) units, 
“property filters,” or “cognitive demons,” generally 
will be predesigned with no self-adaptive features. 
(Usefulness of the units probably will lead to their 
rapid development for such byproduct applications 
as character recognition and target identification.) 

Machine recognition basically is achieved through 
the use of many sensors, operating together much 
like the rods and cones of the human eye, to describe 
a multi-dimensional pattern. In most cases, useful 
recognition will involve a reduction in dimensional- 
ity of the pattern within the bio-computer in order 
to group many different patterns into a relatively 
few classes. 


Abstraction: whales and submarines 


This reduction in dimensionality is called ab- 
straction. The type of abstraction desired dictates 
the internal structure of the computer. Once the 
abstraction process has been determined, the ma- 
chine’s abilities thereafter are limited to this proc- 
ess. For instance, the machine may be capable only 
of those logic processes necessary for distinguishing 
a whale from a submarine, if this function is suffi- 
ciently useful to justify development of a special 
machine. 

More interesting, however, is a machine which 
would recognize a variety of objects and “mentally” 
experiment with the sensory input signals they re- 
ceive so as to seek out familiar shapes. Such a ma- 
chine would operate by “free abstraction,” since it 
would try many methods of abstraction in attempt- 
ing to recognize the pattern it is given. 

Free abstraction leaves so much creative freedom 


‘ 
- 

of 


to the machine and is so much more advanced than 
other methods that it probably won’t be represented 
in early machines developed for tactical military 
operations. 

Dr. Peter H. Greene of the committee on mathe- 
matical biology, University of Chicago, has sug- 
gested an approach to the “free abstraction” prob- 
lem. In his plan, T & I (translational and interpre- 
tative) units are designed so that for a simple pat- 
tern within their capabilities they yield a large sig- 
nal on only one of their many output terminals, and 
small signals on all others. Thus, one T & I unit 
yields a “sharp” signal for circles, another for the 
color red, etc. 

A lack of sharp signal on the “circle unit,” how- 
ever, may not mean that circular shapes are absent; 
it could mean only that interfering patterns have 
obscured such shapes. Thus, subtraction becomes a 
form of abstraction, and is needed to increase pos- 
sibilities for recognition. A variety of subtraction 
techniques must be tried as the machine seeks rec- 
ognizable patterns. 

Learning: free and soldered 

Learning or self-adaptive features will be concen- 
trated in the internal logic section of the bionic ma- 
chine. If the machine is wired to recognize an “A,” 
then learning already has occurred at the time the 
technician soldered the wires together. The process 
might be called “soldered learning,” and is the least 
flexible type of machine learning. 

Connections can be made, however, in which re- 
sistivity can be varied. For such a condition, many 
connections are wired into the internal logic of a 
biocomputer and their resistivity is adjusted to 
obtain desired results. If adjustments are made un- 
der direction of a corrective network, the process is 
called “forced learning.” If adjustments are allowed 
to take place in a somewhat random manner, the 
process is called “free learning.” 

Drawing No. 1 illustrates the approach taken to 
learning in the Cornell perceptron. The nomencla- 
ture in the sketch is that of the Cornell reports. “‘S” 
denotes sensory unit; “A” an association unit, which 
basically is a majority logic element; and “W” the 
variable weighting connection to the “R” or re- 
sponse unit, which also is a majority logic element. 
The combination of variable weighting connections 
plus the majority logic element makes up a neuron. 

(The electronic neuron, which parallels the hu- 
man neuron, yields one output if the sum of the in- 
puts exceeds a certain threshold, and another out- 
put if the threshold is not exceeded. As the weights 
of the inputs are varied, the classes of patterns to 
which the neuron responds vary in a corresponding 
manner. 

(The neuron is the building block of the adaptive 
portion of a bio-computer, and millions of such units 
would be required to approximate the performance 
of an animal brain. Hence the vast effort at many 


MACHINE RECOGNITION of the letter “C” by Cornell's 
perceptron is demonstrated as the computer's photo-cell 
“eye” looks at the letter pattern, lower left, and activates 
the display area being studied by a Cornell scientist. 
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laboratories toward developing and miniaturizating 
such units.) 

In the perceptron, no coding sections such as 
T & I units are used, and all such functions must be 
developed as part of the internal logic. The connec- 
tions are completely random from S to A units. The 
number of these random connections supposedly is 
sufficient to realize all possible interpretations of the 
input pattern. Interpretations are gathered into ap- 
propriate R units by adjustment of the connection 
weightings during the learning process. 

The perceptron concept, represented in hardware 
form by Cornell’s 400 S-unit and 512 A-unit ma- 
chine, is of unusual significance. The random con- 
nection approach has parallels in biological organ- 
isms and, if successful, offers possibility for obtain- 
ing connections by natural reinforcement processes. 
This would avoid the need for extreme microminia- 
turization by eliminating the interconnection re- 
quirement. 

Perceptron criticism has been directed mainly at 
its inability to generalize. Significant perceptron ac- 
tivity has shifted recently from Cornell Aeronauti- 
cal Laboratory to the university’s campus, where 
the working group includes Dr. Mark Kac, mathe- 
matician, and Dr. Frank Rosenblatt, psychologist 
and perceptron inventor. This group already is show- 
ing that present perceptron deficiencies can and will 
be overcome. 


A neuron that learns 


The neuron in diagram No. 2 includes the teach- 
ing circuit and illustrates the neuron-learning ex- 
periment at Ford’s Aeronutronic Div. No. 3 is a 
photograph of the machine built at Aeronutronic, 
which includes not only the neuron but all the other 
equipment in diagram 2, plus the input pattern- 
generating circuits. 

Several investigators have suggested the use of 
preliminary units, or filters, to simplify the recogni- 
tion problem. A bio-computer organized along these 
lines is shown in diagram 4. These filters are an ex- 
ample of soldered learning, which is rigidly limited. 

At the other end of the scale is free learning, 
which involves neither the pre-coding of drawing 4 
nor a teaching circuit as in No. 2. Some preliminary 
research has been done on the process of free learn- 
ing, notably by Dr. George R. Cooper, Purdue 
University department of electrical engineering. 
Adaptive-control systems such as those developed 
for aircraft exhibit a type of free learning. 

Dr. J. R. Singer, professor of electrical engineer- 
ing, University of California at Berkeley, has de- 
veloped an input filter, or T & I unit, to recognize 
certain simple geometric shapes regardless of size. 
Thus, general criteria of performance can be estab- 
lished within which free learning may be accom- 
plished. 

Teaching a machine to classify every possible 
variation of a pattern, correctly and in detail, in- 
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With the Types 551 and 555 Oscilloscopes (and Tektronix 
dual-trace plug-ins in both channels), you can display four dif- 
ferent waveforms at once. You can select from 24 calibrated 
sweep rates—run all four traces at the same speed on the Type 
551, or run each pair of traces at different speeds (or the same 
if desired) on the Type 555. 

In addition, with the Type 555 you can control either or both 
beams with either time-base generator. Both are designed as plug-in 
units for easier maintenance. Or, you can operate one time-base 
unit as a delay generator, hold off the start of any sweep generated 
by the other for a precise interval—from one-half microsecond to 
50 seconds. And you can select from two modes of sweep-delay: 
either Conventional—when the delayed sweep is started at the end 
of the delay period by the delayed trigger, or Triggered—when the 
delayed sweep is started after the delay period by the signal under 
observation. 

Although excelling in waveform- 
comparison analyses, the Type 550-Series 
Oscilloscopes are extremely adaptable to Baul. 2. Bali 
many other laboratory applications. Oper- ag 
ating in conjunction with any combination 
of 16 “letter-series’’ plug-in units, the two 
dual-beam oscilloscopes offer unique signal- 


handling versatility with simple, reliable : IW LAL AL DUAL-BEAM 
rformance. 
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Common X—Independent Y Deflection 
Vertical response—DC-to-25 MC, 
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Type 555 Sweep Delay 


Among many specialized applications, the 
delayed-sweep enables you to make pre- 
cise incremental measurements along a 

A: complex waveform and to obtain high 

Includes Indicator Unit, Power Sup- | || | magnification of a selected portion of 


Type 551 (without preamplifiers) $1800 


an undelayed sweep—with jitter-free 
magnifications up to 10,000 times. 


ply, 4 Probes, 7 other accessories. 


Type 555 (without preamplifiers) $2600 

Includes Indicator Unit, Power Unit, 

Characteristics Common to Both Oscilloscopes 2 Time-Base Units, 4 Probes, Time-Base 
Extension, 7 other accessories. 


Adaptable Verticai System—accepts interchange Complete Triggering Facilities—amp!itude-level Prices f.o.b. factory 
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volves a forbidding amount of labor. It is highly 
desirable that the mechanical system be able to gen- 
eralize what it has learned, as does the biological 
system. 

In its simplest form, generalization merely is the 
recognition of a noisy or blurred pattern as being 
of the same class as a corresponding clear pattern. 
It is reasonable to expect that this sort of generali- 
zation will come about due to the use of majority 
logic elements in bio-computers. 

Recognizing displaced or rotated patterns is a 
more serious problem and requires that the machine 
be aware of possible relationships between patterns 
in different portions of the field. For example, if the 
machine has learned to recognize the letter “A,” it 
ought to have the inherent capacity to recognize, 
without further instruction, an “A” with rough 
edges, an “A” in various distorted shapes, an “A” 
on its side or upside down, a small-letter “ta” and 
other variations of the basic pattern. 

One of the chief problems with character-recogni- 
tion machines has been in providing this capacity to 
generalize. The feature is even more imperative for 
machines which must function in a three-dimen- 
sional world. 

The recent work of Rosenblatt, Dr. H. D. Block, 
Dr. B. W. Knight Jr., and others at Cornell, taken 
in conjunction with the work of Uttley in England a 
decade ago, indicates some means of obtaining gener- 
alization in a bio-computer by use of cross-connec- 
tions in internal logic, as illustrated in diagram 5. 
This cross-connection feature may be incorporated 
effectively by increasing the logic’ depth of the ma- 
chine and having connections from widely separated 
points in the sensory field meet at the same logical 
elements. 
An avalanche of progress 

As previously mentioned, there is no clear-cut 
line of demarcation between electronic systems in 
general and bio-computers. The first large bio-com- 
puter need not approximate human characteristics 
in all detail. The first machine should be a system 
advanced enough to justify the investment, but 
orthodox enough to insure success. The very exist- 
ence of one or two such systems will serve as a cata- 
lyst to hasten development of additional systems. 

Progress in bionics probably will not be a slow 
gradual development, such as usually is expected 
with new concepts. It is more likely that major prog- 
ress will come in the nature of an avalanche, with 
little discernible motion until the avalanche occurs. 

The primary reason is that there literally is no 
such thing as a small bio-computer, any more than 
there is an intelligent man with a 100-neuron brain. 
Modest efforts cannot be expected to yield dramatic 
results. Further, construction of the first bio-com- 
puter will remove much of the present reluctance to 
build such units, and rapid and broad activity can 
be expected to follow. e 
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Manned space missions of extended flight duration must have a 

large, continuous, long lasting and reliable source of electrical power. Only a nuclear reactor heat source 
is compatible with these requirements to provide power for propulsion and to operate 

all equipment aboard the spacecraft. Advanced nuclear energy conversion systems 

are now being developed by Garrett’s AiResearch divisions to meet these new power 
requirements... another vital contribution by Garrett to man’s conquest of space. 
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measure the volume of a pulse beat... the weight 
of a breath .. . the vacuum of outer space 
measure gyro rotor unbalance .. . liquid level in a 
remote tank .. . the thickness of a continuous 
sheet of hot metal 

Convert any variable into a change in capacitance 
and there's a Delta unit available to measure, 
record, or control that variable more accurately and 
more economically than was ever before possible 

You just plug the Delta unit into a 115 Vac supply 
and hook up the probes to your simply constructed 
Capacitance sensor. Capacitance changes as slight 
as 1% generate output voltages as large as 0.2 
Vdc, indicating direction as well as magnitude. 


THE DECKER 


MEASURE ANYTHING! 


ant Nos. 2.696.566 and 2,696,584 


902-2 


companion 


904 


Delta measuring system 


Delta measure and 
control system 


Everything you need for measurement in the lab- 
oratory, on the bench, or in the field is built right 
into one or another instrument in the Delta family. 
All incorporate the proved principle of the Decker 
T-42 lonization Transducer*, the most important 
advance in measurement in decades. All models 
but 902-1 have internal meters. Or, you can easily 
bypass the meter and feed results directly into 
external display, recording, or control equipment. 

Write for complete details, specifications, and 
application suggestions in Series 900 Instrument 
Data Sheets, available without obligation. Or, just 
let us have your measurement problem, and we'll 
gladly recommend a practical solution. 


CORPORATION Bala-Cynwyd, Pennsylvania 
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DECKER'’S DELTA UNIT makes non-contact capac- 
itance gauging practical and economical for the 
first time. Compared with conventional capaci- 
tance measuring systems, the Delta unit has no 
complex circuitry, provides excellent long-term 
stability. The basic Delta unit is little more than a 
stable RF oscillator which excites the T-42 loni- 
zation Transducer. The transducer output itself is 
a phase-sensitive differential d.c. voltage anal- 
ogous to any change in capacitance across the 
probe terminals. Here are just a few of the uses to 
which Decker Delta units are daily put in research 
laboratories, manufacturing plants, defenseinstal- 
lations, and hospitals. 
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management machines 


-a systems approach 


U.... BTEDLY THE MOST DIFFICULT aspect of es- 


tablishing decision machines for management is the 
lack of formalized objectives in business. The old 
cliché of profit being the primary objective of a 
business enterprise gradually is disappearing. 

From the systems viewpoint, consideration must 
be given to several objectives. However, not all busi- 
nesses have the same objectives, since they depend 
on the willingness of management to take action in 
the face of uncertainty and with inadequate infor- 
mation 

With the increased capability of computers to 
provide information in a form useful for evaluating 
many alternatives, we quickly are approaching a 
more meaningful basis for establishing realistic ob- 
jectives. Illustrating the problem, for example, man- 
agement might state as an objective the attainment 
of an increased share of the market for a given 
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product. Yet an economic analysis of the factors 
involved might prove this objective to be unrealistic. 
It is possible that for a given capacity, capital struc 
ture, distribution system, etc., costs easily could ex- 
ceed the value gained from obtaining a greater share 
of the market. 

The difficulty in formalizing such objectives arises 
from the fact that there is no simple method for 
evaluating the impact of objectives on a complex 
system. And without this evaluation, the objectives 
may be meaningless. For this reason, computer simu- 
lation seems like a suitable approach to the problem 
of specifying meaningful objectives. 


Beyond data processing 


The same argument applies to design of the sys- 
tem itself. Alternative designs should be compared 
prior to actual use. In business systems, a computer 
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can become an essential instrument for such testing. 
However, unless formalized decision rules are avail- 
able, the computer merely acts the role of a data 
processor. 

On-line computer control actually is a form of 
automated decision making. On the other hand, the 
computer also can be used to present information 
to managers as an aid in decision making. 

Unfortunately, the majority of decision rules de- 
veloped in business to date give no consideration to 
the systems aspect of the problem. For example, 
rules for optimal inventory do not consider the cash 
position of the company at the time an order is 
placed. As an alternative to formalized decision 
rules, computer simulation can be applied in a find- 
it-yourself approach to problem solving. Thus, if the 
cash position were low, a simulation run could be 
made to predict the effect of alternative solutions. 


The problem with rules that might be established 
for management machines is the difficulty of evalu- 
ating a system having a large number of variables. 
However, although the outcome of a particular com- 
bination of variables is difficult to predict, the re- 
sults often form a reasonably consistent statistical 
distribution. 

Thus, when jobs are processed in a factory, for 
example, the completion of any specific one cannot 
be predicted, nor can the sequence in which other 
jobs will be completed. Yet it is possible to predict 
the overall probabilities of completing jobs. This 
can be depicted as shown in the diagram above. 

In a like manner, problems involving a large num- 
ber of variables in management controls can be 
treated from the statistical viewpoint. 

The use of a combination of formalized decision 
rules and computer simulation techniques for man- 
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agement controls opens up interesting new vistas. 
In effect, it would be possible to have detailed, realis- 
tic monthly or quarterly forecasts (of labor, for in- 
stance) instead of daily or weekly forecasting. 

Also the problem of annual budgeting could be 
come more meaningful. Instead of waiting until 
year’s end to discover by how much a budget missed 
its mark, the business could respond to changes as 
they occurred. Of course this presumes that flexi- 
bility has been designed into the system to permit 
rapid response to the changing environment. 


The research question 


Research in management decision machines 
should have as one of its objectives the study of 
real-time problems such as these. A basic question 
in management decision machine research is the 
scope of the problem under consideration. Most re- 
search of this type today is component or subsys- 
tem control. A lack of concentrated effort exists, 
from the systems viewpoint, on the business as a 
whole. Therefore, the approach proposed is to study 
the entire business as a logical system. 

As in any research program, the starting point 
should be a survey to establish the state of the art. 
In addition, a research plan should include: 

® A well-formulated model of the characteristics 
and structure of management control systems. The 
model, designed to use a large, high-speed computer, 
should have the ability to examine effects of changes 
in management controls on system performance. 
For example, how would a change in an organization 
affect information flow rates, time lags, bottlenecks 
or queuing (an accumulation of operations waiting 
to be performed) in a given system? 

® A general-purpose computer model for simula 
tion. A network representing factors such as decision 
areas, information channels, and authority relations 
can be used in the model. The information flow, 
feedback loops, and computed scores would be used 
in the model to establish the structure for decision 
making. 

s A study of the behavior of the computer model 
to gain insight into the problem and validate ex- 
perimental conclusions. 

® Design of decision rules in management con- 
trols. Management consultant Peter F. Drucker, 
in his book, The Practice of Management, has clari- 
fied the need for formalized decision making in man- 
agement. 


Rationality versus blind gamble 


Drucker speaking: “/t is not within the decision 
of the entrepreneur whether he wants to make risk- 
taking decisions with long futurity. He makes them 
by definition. All that is within his power is to de- 
cide whether he wants to make them responsibly or 
irresponsibly—with a rational chance of effective 
ness and success, or as a blind gamble against all 


odds. 


“The process is essentially a rational one and the 
effecttveness of the entrepreneurial decisions de- 
pends on the understanding and voluntary efforts 
of others. Thus the process will be more responsible 
and more likely to be effective the more it is a ra- 
tional, organized process based on knowledge.” 

Some ramifications of management decision mak- 
ing to be considered in utilizing computers are: in- 
formation required to make decisions: where deci- 
sions are made and by whom; the number and type 
of decisions made at various organizational levels; 
response rate required for decisions after informa- 
tion is received; time actually taken to make the 
decisions; induced delays in information flow due 
to decision making: errors (noise) in the decision- 
making process; and others. 

How can these criteria be modeled on a computer? 

A simplified hypothetical organization will serve 
as an example of an approach to modeling. The dia- 
gram above represents some of the typical functions 
found in a business enterprise. Department heads 
B, D, E, and F report directly to the manager A. 
Purchasing C reports to B and personnel G reports 
to finance F. 

These are similar to conventional authority chan- 
nels. But they do not represent the dynamic inter- 
relationships of these functions. A simulation model, 
on the other hand, can portray various alternative 
relations as a function of time, urgency, or decision 
criteria. 

For instance, let us represent this conventional 
organization chart in the form of a matrix shown 
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above, center. Thus, as was shown in the diagram at 
left, B, D, E, and F report to A, and C reports to B. 


An organizational matrix 


Note the ease of indicating where all the persons 
report by merely placing Xs in the matrix, and also 
the possibilities of modifying these relationships. In- 
formal or secondary channels can be represented by 
other letters, such as Y. For example, the fact that 
purchasing may report informally to the engineering 
manager is shown by the Y. 

In a similar manner, the matrix format can be 
used to indicate information flow, material flow, etc. 
For example, a formal information flow pattern 
might be as shown above, right. The numbers inside 
this matrix indicate the sequence of flow through the 
organization, as well as the originator of the docu- 
ment. The letters correspond to the conventional 
organization chart shown first. Special codes such as 
O can be used to indicate that the document or data 
originated outside the system. 


The letters alongside the matrix, D, through D,, 
are the coding to identify specific information—a 
telephone call, a sales report, customer order, ab- 
senteeism report, etc. In this way, the communica- 
tions network can be formalized and an informal in- 
formation flow also can be incorporated into the 
matrix. 

This matrix arrangement also can be used to rep- 
resent raw data or system status. Referring to the 
information-flow matrix, the manager may issue a 
directive D, to his department heads (who are pre- 


sumed to receive the communication simultane- 
ously). In turn, they may be expected to take ap- 
propriate action. In effect, this directive causes a 
decision to be made by each of the department 
heads. The basis for their decisions and the conse- 
quent actions all would be part of the computer 
model. 

Another type of information flow is shown oppo- 
site D,. Here the general manager receives informa- 
tion on the market position of the company and for- 
wards it to the marketing manager. However, the 
dynamics of this situation must be represented with- 
in the computer model to attain realism. 

For example, how soon is the information trans- 
mitted? How long is it before the marketing man- 
ager takes appropriate action? These are some 
typical questions that can be studied with the simu- 
lation model. 

Still another form of information is shown oppo- 
site D,. The manager of manufacturing notifies per- 
sonnel that there is a shortage in a given skill 
category and that hiring should proceed. The zero 
in the box opposite D, now is used to indicate that 
this information is a result of the system per- 
formance. 

Thus, as data are summarized and made avail- 
able at various points, they become inputs to the 
information flow. The kind of data, manner of 
summarization, and frequency of reporting all would 
be part of the simulation program. By providing for 
variation in the pattern of information flow, it would 
be possible to examine the effect of reporting on 
system performance. 
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Events that trigger decisions 


It also is possible to use the occurrence of specific 
events as the condition for decisions to be made. 
Thus, as systems change, certain events become 
critical and trigger information flow to decision 
makers. 

Suppose that a part has completed its processing 
in the factory and is ready for assembly. When this 
state of completion is reached, the information could 
be transmitted immediately to various locations 
where decisions are made. 

For example, the information processing system 
may be such that at the end of each day production 
control is the only department notified as to which 
parts have been completed. The actions of this de- 
partment, in turn, depend on the status of mating 
parts. Therefore, a logical procedure as a basis for 
decision making might be made: 

® Is part A complete? Yes. 

® Is part B complete? Yes. 

® Is part C complete? No. 


If the assembly requires all three parts, then the 
answer—yes, yes, no—would lead to a different de 
cision than three yeses. This can be represented as 
follows: 


* Part A has been completed. What decision now 
should be made? 

s Determine completion status of mating parts. 

* If all three are completed, proceed to assembly. 

s If any component is not completed, place parts 
into an accumulation area. 

* Repeat the check on status of mating parts 
after a suitable time interval. 


A simplified search technique 


In the computer model, a search would be made 
to determine when the decisions are carried out. 
This search technique can be simplified by using the 
logical characteristic of computer operation. 

For example, two triggering conditions might ini- 
tiate the decision process. The first condition would 
be a result of a change in the system status; the 
second condition would be the result of a formal 
document requesting the purchase of some raw 
material. 

A logical comparison of conditions and require- 
ments implies a yes-no type of response. An impor- 
tant advantage of this method of comparison is that 
computers operate in a binary, or yes-no, mode so 
that this approach simplifies computer programing 
as well as avoiding ambiguity. 

This logical format for representing the decision- 
making process is especially useful in studying 
problems involving a number of interacting ele- 
ments. It is the computer’s ability to update and 
store information that permits exploration of these 
considerations in detail. 


Time lags in information flow 


A significant aspect of the control problem is the 
time phasing for contingent decisions. The flow of 
information can introduce time lags into a system 
as a result of queuing effects. 

In a sense, information flowing through a number 
of decision makers is comparable to tasks performed 
in a factory or cars flowing on the highways. For 
example, if the decision maker is viewed as a process- 
ing center, the rate of arrival of decisions and the 
time taken to make each decision will determine the 
average delay. Where priorities are given to the 
various decisions made, it is possible both to im- 
prove effectiveness and reduce delay times. 

Another means of reducing delays is to have al- 
ternative channels for given decisions. 

Another is to filter or screen decisions to reduce 
flow time through the system. However, this method 
of treating decision making might lead to radical 
changes in organization structure and hardly could 
be tested initially in a real-life environment. These 
and related questions can be examined readily by 
computer simulation. 

The formal and informal information channels 
in an organization, and the points at which deci- 
sions are made, directly affect system performance. 
Graphically, the system effectiveness as a function 
of speed of response might appear as in the diagram 
below. That is, for a given type of decision, organi- 
zation structure, and cost, there are alternative 
response rates which are optimal. 

For Case A, shown in the diagram, the faster the 
response, the greater the system effectiveness. Any 
time lags would hamper performance seriously. On 
the other hand, rapid responses in cases B and C 
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are not nearly so critical. Thus, the information flow 
rate is a key parameter in system design. 

Of course, speed of information flow is not a suffi- 
cient criterion of usefulness. Information, in an 
understandable form, and free from errors, is also a 
significant factor. For example, the exception prin- 
ciple of management is concerned with minimizing 
the quantity of information necessary for decision 
making. 

In a like manner, system performance informa- 
tion can be summarized into more meaningful form 
for decision making. An important problem is deter- 
mining what information is required, in what form, 
and with what speed, in order to make effective de- 
cisions and provide feedback for control. 

A more thorough analysis of the kinds of deci- 
sions made should yield insight as to where the 
computer can aid the decision maker. Routine deci- 
sions involving a large quantity of data can be 
automated most easily. Complex decisions involving 
judgment and analysis could use computers to digest 
information, evaluate alternatives, and test key 
parameters as aids in decision making. 


The span of supervisory control 


Another aspect of organization which could be 
explored by computer simulation is the span of 
supervisory control. If a supervisor’s job is ana- 
lyzed, it is soon apparent that a certain percentage 
of his time is spent in direct contact with subordi- 
nates. 

Time spent during contact with subordinates 
would follow some distribution such as shown below, 
center. The shape of the curve and spread or varia- 
tion would depend on the characteristics of the 
particular supervisor, the level of persons being 


supervised, and the type of work performed. 

Thus, rather than a specific number of persons 
that can be supervised, the arrangement of work 
content and number and kind of decisions will have 
a direct bearing on the problem. Since the super- 
visor is a decision processor, an economic span of 
control could be determined as below, right. If the 
supervisor were always available (no subordinates), 
there would be a high idle cost. However, if there 
were too many subordinates, decisions could be de- 
layed due to the supervisor being unavailable. This 
would lead to a high waiting cost. 

Taking the systems viewpoint, the correct span of 
control would consider the cost of delays in deci- 
sions on the entire business. Since the waiting or 
queuing effect increases exponentially, it appears 
that there is an optimum availability of the super- 
visor which can be related to the span of control. 

Thus, detailed considerations of business systems 
behavior are necessary adjuncts to studying man- 
agement controls. Such considerations become espe- 
cially important where control is considered the 
means for assuring compliance with desired system 
behavior. 

Rather than establishing arbitrary bases for com- 
ponent control such as fixed budgets, turn-over 
ratios, return on investment, etc., optimum total 
system performance should be the objective. Opti- 
mum system performance can be defined in terms 
of the resources available, specified goals, allowable 
risks, and environmental factors. 

In essence, the systems approach can result in an 
overall upgrading of the many facets of a business. ® 


For more information on management control, see Management Control Sys- 
tems (John Wiley, 1960). This article is based on the author's chapter in that 
book 
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education machines 


-a trend toward automated teaching 


Automated training may be the answer for acute teacher shortages, as scientific ad 


A. rOMATED EDUCATION is the inevitable corollary 


of automated production, and probably the only ef- 
fective answer to acute teacher shortages in schools 
at a time when our population is expanding and 
scientific discoveries require increased teaching. 

\s millions of industrial machines become more 
intelligent, so must millions of workers. The ill-fated 
physical competition between John Henry, the 
“steel drivin’ man,” and the relentless steam spike- 
driver is not likely to be repeated on the level of 
routine mental tasks. It should not come as a sur- 
prise if unions very shortly begin to demand skilled 
training and placement for every unskilled worker 
displaced by automation, as a provision of any new 
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contract with a large company. 

Society has learned to climb above its own rising 
technology rather than attempt to compete with it. 
As automatic machines take over routine industrial 
labor, human laborers must be prepared to control, 
maintain, and improve upon these complex systems. 
This means not only massive new training programs, 
but mass retraining anywhere automation’s transi- 
tion period is briefer than a worker generation. 

As a natural answer to this automation-created 
requirement, the concept of automated education is 
beginning to emerge. Its initial tangible develop- 
ment, which already has stimulated national dis- 
cussion, is the controversial “teaching machine.” 
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Machines against tedium 

Early mechanical teaching aids were simple decks 
of flash cards with answers on the back, automatic 
slide and film-strip projectors, instructional tapes, 
and phonograph records — all barely one step re- 
moved from traditional audio-visual classroom 
equipment. Present automated devices provide for 
greater flexibility of presentation, more student par- 
ticipation, and additional means to record and eval- 
uate student response. 

Future teaching machines promise to be but one 
part of a complex group of automatic attendance 
keepers, proficiency testers, report-card printers, and 
electronic reference librarians — all integrated by 
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A BOOK BECOMES A MACHINE whicn 

it’s designed to choose a student's 

next lesson automatically, 
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Below, airmen at Keesler AFB 

learn basic electronics with the aid 

of USI’s AutoTutor teaching machines, 

which test students at each step 

of the course. Test results are used 
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as their individual abilities allou 
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central computer control into an efficient automated- 
education system. Such a system would relieve the 
human teacher of all the rote drilling and tedious 
paperwork which should fall below or outside his 
instructional talents. Full integration of successful 
automation techniques thus should permit both 
higher quality and greater volume of educational 
output per capable instructor. 

Future educational facilities must be compatible 
with a totally new social system; the pace of which 
is being set by automation. If the facilities are not 
compatible, the average man and his family cannot 
be advanced safely ahead of new technology but 
will be in conflict with it. 


The changing mass of education 


Mass education has elevated the lower classes to 
middle classes during the brief period known as 
modern times. The lower-class void is being filled 
by the machines. Inventions such as printing, the 
telephone, movies, and radio-television have pushed 
the potential ratio of learners-to-teacher successive- 
ly up to beyond a 100-million-to-one. 

Unfortunately, these mass communications media 
cannot maintain the transmission efficiency of the 
one-to-one tutor-to-student ratio. They all fail to 
provide the final essential link from the five human 
senses to the mind. 

In other words, purely presentational media can 
implement only passive learning. A student may 
close a textbook, turn off the TV set, or even fall 
asleep during an educational movie, all with no 
effect on the presentational pattern. As true teach- 
ing machines, these devices are blindly inefficient. 

The essential missing concept is feedback—the 
regulation of a process with a sample of its own out- 
put. The new approach of automated teaching util- 
izes feedback. As information to be learned is pre 
sented, feedback from student to device assures the 


mechanical “teacher” that each part of the lesson 
is understood, that it has been received by the mind 
as well as by the senses. 

The feedback effect—student response on the 
one hand, and machine response on the other—is 
analogous to conventional classroom participation. 
Positive reinforcement results as the equivalent of 
teacher commendation, marks, gold stars, or report- 
cards. Mutual feedback leads to an effective, and 
close, albeit impersonal, rapport between student 
and machine, functioning together as a system. 


System analysis of education 


The system is closed-looped, a characteristic com- 
mon to all automation processes, and system analy- 
sis can be utilized in the design just as it is in the 
design of automated devices for industrial process- 
ing. In the educational process, however, the human 
occupies a principal rather than a peripheral place 
in the system. System specifications therefore have 
been supplied by human-factors engineers and ex- 
perimental psychologists. 

The human learner, in order to “accept” data 
presented to him, first must have it put forward in 
many small, clear steps, each logically built upon 
the concepts in earlier steps. Secondly, the extent of 
the learner’s understanding must be determined 
and recorded before moving on to a more difficult 
step. Finally, the learner must be motivated to pro- 
ceed to that more difficult step. 

These human engineering specifications represent 
the three fundamental concepts of behavioral psy- 
chology: stimulus, response, and reinforcement. Im- 
plementation of their sequence creates an engineer- 
ing requirement for display, response, and evalua- 
tion-reward components, circuits, or units in any 
automated instructional system. 

A digital computer is almost certain to be the 
heart of most fully automated educational systems. 
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Similarities between instructing a human student 
and “instructing” a computer are striking. Com- 
puters have been called “essentially stupid” think- 
ers because they must be told every single thing 
that they are to do in special, simple terms which 
they can understand (binary symbols). 

This general description also happens to fit the 
new student. He comes to a subject completely 
ignorant of its procedures and its definitions. He 
must be taught its concepts in simple steps and 
terminology which he can understand. 

These parallels have brought about an inter- 
change of terms in describing the two guidance pro- 
cesses. The structure and sequence of “input,” or 
presentation of subject matter, is referred to as the 
“program” of the course being given on the auto- 
mated teaching device. And the control code for a 
particular computer task is referred to as its “in- 
structions.” 

Straight teaching programs have a single fixed 
sequence of steps. Branching programs may be al- 
tered in both sequence and number of steps by new 
instructions based on a running evaluation of stu- 
dent performance. Response to either type of pro- 
gram may be by a multiple-choice input selected 
from among several answers displayed, or by a con- 
structed input written or coded into the device. 


A 100-million-people market 


Booming public interest in the idea of automated 
education is apparent from dozens of articles and 
books which have burst forth in the last two years 
after the initial report by Dr. B. F. Skinner, of 
Harvard University. 

Sudden popularity of a self-contained device for 
individual tutoring is not perplexing. The potential 
market approaches 100-million people in this nation 
alone. School children, industrial workers, military 
personnel, adult education groups, and many other 


segments of a populace that no longer is skeptical 
of new scientific techniques provide ready customers 
for a well-designed automated educational device. 

Research may force the textbook industry to 
make room for published automated programs, such 
as Harcourt-Brace’s “English 2600” (for 2,600 pro- 
gram steps). Several other publishers—D. C. Heath, 
McGraw-Hill, Prentice-Hall, and Doubleday—are 
following programed-text developments. 

Future correspondence courses may be conducted 
on automatic teaching machines loaned from a cor- 
respondence school for the duration of a course. 
Program cartridges, sent by mail, will make up the 
lessons. 

Public-school study halls may be equipped with 
individual subject-matter machines that dispense 
factual content on as many courses as superior stu- 
dents can absorb, while slower students go through 
the minimum number of required programs. Home 
tutoring devices may aid students in difficult sub- 
jects, or allow them to keep up with their classes 
during prolonged illness. 

Eventually, economical design for magnetic data 
storage may allow electronic reference units to dis- 
place the home-reference encyclopedia, giving stu- 
dents instantaneous audio-visual expositions of any 
subject in its index. 


Teaching machines now available 


Most immediate applications of automated in- 
struction devices are for improved military and in- 
dustrial training. Already, Western Design Div. of 
U. S. Industries has sold 18 Auto-Tutor devices to 
Wright Air Development Center. USI’s Robodyne 
Div. has sold 55 of its Digiflex trainers to the U.S. 
Postoffice for retraining in automated letter-sorter 
operation. 

Hughes Aircraft is using 500 of its own Video- 
Sonics procedural trainers on its assembly lines. 


THE FIVE FACES OF MUTUAL FEEDBACK Ietiween student and automated learning system 
are represented in this flow sequence. First photo shows the machine display serving as a stimulus, 


which is responded to in photo number 2; corrected via negative reinforcement 
the answer was wrong) in photo 3; answered anew as a conditioned response in photo 4; 


and accepted by the machine (positive reinforcement) in photo 5 


Most so-called teaching machines work in this manner 
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Keesler Air Force Base is evaluating the effective- 
ness of training in basic electronics, comparing 
Auto-Tutor’s $5,000 prototype microf'm-projecting 
machines with relatively inexpensive Scramble 
Books of the same multiple-choice programed con- 
tent. The Scramble Book, conceived by Norman 
Crowder (as were the larger USI devices for non- 
conditioned learning), directs the reading student 
to differing comments on different pages, according 
to his choice of answer. Correct response brings the 
most straight-forward progress through the book. 

For the civilian market, the book is being pub- 
lished jointly by USI and Doubleday under the 
“TutorText” title. The first program, an “auto 
matic bridge tutor’ publication, was released in 
November, 1960. Advertised as being comparable 
to private tutoring from Charles H. Goren, whose 
method is used, it carries a learning guarantee. 
Doubleday ““TutorTexts” also are being published 
in electronics, binary arithmetic, and algebra. 

Eugene Galanter of the University of Pennsylva- 
nia has developed a similar multiple-choice pro- 
graming method which is used in a small mechani- 
cal Tutor by General Atronics Corp. of Philadelphia. 
\ companion machine, the Class Monitor, tells an 
instructor, whether all members of his class are fol- 
lowing each point in his lesson. The Navy is using 
these devices experimentally. 


Skinner's trained pigeons 


Constructed response is the theoretical opponent 
of multiple-choice methods because it insists upon 
unaided recall of the correct answer. This basis for 
automated-teacher design was developed (mostly by 
Skinner) along purely behaviorist lines of condi- 
tioned response. Skinner tested it through a re- 
markably efficient training program of pigeons! It 
now has been implemented for human learning by 
Rheem Califone, Southgate, Calif., in the Didak, 
a machine which provides for a write-in response 
and self-evaluation. 

Developmental designs for automatic-teaching 
hardware are varied. The Rheem device is typical of 
the small mechanical machines which use the basic 
Skinner write-in technique. It is typewriter-sized 
and shaped, and has a small window which displays 
the question and a second window where the answer 
is to be written. 

The student’s answer is covered mechanically to 
guard against erasure when the control lever is ad- 
vanced to reveal the correct answer. By pressing a 
“correct” button, the student eliminates the ques 
tion from the next cycle. If he was wrong, he writes 
the correction in beside his original answer on the 
program tape. First models of this device sell for 
$157.50 

Hamilton Research Associates is about to market 
a similar device, the Visitutor, which will project 
the stimulus on a small screen. An Auditutor will 
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JOHNNY'S ANSWER to a test question 
if correct, will turn the page to the 
next lesson of the textbook 
Ceneral mechanical Tutor 
shown in use at left. On machine 
pictured above smallest of USI's 
AutoTutor line—push-button answers 
to multiple-choice test questions starts 
feedback system for s¢ lection of stu- 
Below, a Ben 
dix G-15 computer prot ides the basis 
for the experimental system outlined 
in the diagram and designed by Sys 
tem Development Corp 
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dent's next program 


for public 
school use. Conventional classroom in- 
struction is combined with individual 
“attention” from the machine, which 
has ultraflexible feedback. In selecting 
a lesson for a student, the computer is 


responsive to his score and his timing 
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be available for synchronous operation in language 
instruction. 

Western Design’s AutoTutor is console size. It 
contains a microfilm-reel projector and a selection 
circuit controlled by a student-operated multiple- 
choice panel of buttons. Its facility for searching 
through a_ several - thousand - step sequence for 
branch-response displays makes it expensive. First 
units are $5,000. 


Training by conditioned reflex 


The Digiflex operator-trainer being used by the 
Postoffice Dept. for letter-sorter trainees guides 
them toward the correct response by pure condi- 
tioned reflex rather than cues in the subject con- 
tent of the questions, as in the verbally programed 
trainers. 

Installed in a desktop, the Digiflex keyboard is 
synchronized with a visual presentation to the en- 
tire group. Correct-response buttons are raised 
automatically under the hand of the postal clerk, 
so that his fingers push them down again by simple 
reflex action, and he gradually learns the pattern. 

Research in automated teaching is heing carried 
forward at several universities, principally in con- 
struction and testing of programs for introductory 
courses now being taught in oversized lecture classes 
to all incoming freshmen. Hamilton College, Clinton, 
N.Y., has a $204,000 grant from the Fund for the 
Advancement of Education, Ford Foundation, for 
a three-year development of programs in logic, lan- 
guages, psychology, and mathematics. An associated 
private corporation is offering authors of successful 
programs royalties similar to those awarded authors 
of plays. 

Rheem is designing a complete engineering course 
program for the University of California at Los 
Angeles. Also, UCLA and the San Jose public school 
system are conducting a joint experimental course 
under the direction of Dr. Sidney J. Pressey, who 
first broached the idea of automated instruction in 
the 1920s. 


Mechanized language instruction 


The New York Institute of Technology is one 
of several universities with completely mechanized 
language-instruction booths, equipped with ear- 
phones, microphones, television, and feedback- 
controlled tape recorders. 

Rensselaer Polytechnic Institute scientists are 
designing an advanced educational device with elec- 
tronically stored program and flexowriter typing of 
both questions and student responses. Several small 
research corporations, some formed specifically for 
automated-teaching research, are emphasizing vari- 
ous aspects of its development. 

Applied Communications Systems of Culver City, 
Calif., has an audio-visual presentation device 
which provides for “build-up” production of small 
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numbers of items by one person, rather than full 
assembly-line production involving a new worker 
for each assembly step. 

Robert E. Corrigan Associates of Garden Grove, 
Calif. is recording IBM-card response from students 
watching TV medical classes via a Teletesting de- 
Vice 

Teaching Machines Inc. of Albuquerque, N. M., 
ilready has produced and statistically evaluated 
programs in algebra and several languages. 

Computer Control Co. has produced a SPEC 
(Stored Program Educational Computer) to train 
digital-computer designers and technicians. 

Smith Harrison of Devon, Pa. has a math-teach- 
ing device with a dial for numerical response. 

Williams Research Corp. has placed film, sound, 
and punch-tape response units in a “teaching desk.” 

Itek, of Boston, and many other research groups 
actively are investigating programed instructor 
techniques. 


Dr. Ramo’s Intellectronics Division 


Many larger corporations are taking definite 
steps to get into the automated-education industry. 
The Intellectronics Div. of Thompson Ramo Wool- 
dridge is doing active teaching-machine research as 
a pet project of Dr. Simon Ramo. Bell Telephone 
Laboratories, IT&T, Motorola, Minneapolis- 
Honeywell, Bendix, Varian Associates, Royal Mc- 
Bee, and Philco all are known to be seriously at 
work on advanced designs for electronic teaching 
systems. 

Two of the big encyclopedia companies, choos- 
ing to join (rather than beat) the new individual- 
educational packets, have announced automatic 
tutor plans of their own. The Book of Knowledge 
has a low-cost written-response machine and Ency- 
clopedia Britannica’s Film Div. will distribute sim- 
ple loose-leaf notebook “machines” with lift-up-tab 
answers to high school and college math and lan- 
guage classes. 

These programs, now being tested in Roanoke, 
Va. and in other schools across the nation, were 
developed by Dr. John E. Everett, first chancellor 
of New York City Municipal Colleges, while he was 
president of Hollins College. The automatic courses 
will be available this fall for about $10 a student. 
New plans for research and devices for automatic 
education are being announced almost daily. 


System Development's broad assault 


Possibly the broadest assault on the potentiali 
ties of automated education has been generated by 
the non-profit System Development Corp. of Santa 
Monica, Calif. This firm, the primary mission of 
which is the design of the SAGE system’s computer 
and personnel-training programs, is organizing an 
active automated-teaching facility equipped with 
a Phileo 2000 computer. 

System Development’s early electronic teaching 


system makes use of a Bendix G-15 computer with 
stored programs on five alternate levels of difficulty. 
If a student’s percentage of incorrect responses 
begins to climb too high on one level of program, 
the device automatically branches to an easier se- 
quence until the required proficiency allows auto- 
matic switching back to the more difficult stimuli. 

This non-sequential program can be centrally 
controlled from one computer for up to 20 student 
keyboards and projected displays, thus providing 
automatic group instruction. The random-access 
35-mm slide projector provides 600 multiple-choice 
displays, and is being patented as a basic feature 
of the system. 

System Development also is designing automatic 
attendance, assignment, and grading units, antici- 
pating the day when a school’s routine paperwork 
may be processed completely by a central digital 
computer. The corporation has a proposal before 
the Navy Office of Scientific Research for group- 
teaching experiments, and another proposal before 
the National Education Assn. and the American 
Psychological Assn. for formation of an automatic- 
teaching standards committee. 

Aside from the much-discussed and unwarranted 
fears of teachers (who see themselves displaced by 
machines) and the natural reluctance of administra- 
tors to embrace the impersonality of automation, 
the greatest obstacle to its educational application 
is the lack of any experience to guide the design of 
either programs or devices. 

Main principle: short bursts of learning 

There is agreement on the main principle: the 
learning must be presented in short bursts of infor- 
mation, each eliciting a student response that is 
immediately reinforced by the machine. The exact 
style and detail of presentation of each subject now 
must be constructed and tested pragmatically until 
some logical design or formula approach is proved. 

Whether the “recall” of a constructed response 
produces deeper learning than the “recognition” of 
a multiple-choice response is not established. 
Whether the negative reinforcement of a great num- 
ber of incorrect choices introduces the danger of 
remembering wrong answers also is unknown. And 
whether a flexible, reliable automatic input-output 
relation between student and machine can be im 
plemented fully is yet to be seen. 

Finally, the philosophical line between factual 
instruction and dogmatic indoctrination must be 
drawn clearly if automated-educational systems are 
to further individual creative development rather 
than rote unimaginative conformity. Whatever the 
ultimate form of the automated-education industry, 
it is virtually certain that development—from what 
is now little more than a series of conceptual ideas 
to what surely will become a wide variety of useful 
applications—will be accelerated by increasing de- 
mands for efficient education. . 
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Any out-of-state businessman seeking a new plant site in New York State can get all the information he needs for the 
price of a four-cent stamp or phone call. The State Department of Commerce has compiled the most comprehensive 
plant-site profile ever done on an industrial state . . . yours without cost or obligation. You Il receive up-to-the-minute 
reports on all sites suited to your needs, covering labor . . . markets . . . raw materials . . . power and fuel. . . trans- 
portation ... water... financing . . . housing . . . schooling . . . entertainment, recreational and cultural facilities. This 
information is assembled by the country’s leading plant-location specialists. It's objective, free of bias or “boosterism,” 
tailored to your requirements . . . one more reflection of the new “hard-hat” business government in New York State. 


We'll compile a report tailored to your specific new plant needs. Write Commissioner Keith $. McHugh, Dept. of Com- 
merce. Room 852,112 State St., Albany 7, N. Y. (All contact between your office and ours will be kept under our hat. ) 


GET UP TO DATE ON NEW YORK STATE...WHERE 
THEWRE TALKING THE BUSINESSMAN’S LANGUAGE 
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READY T0 


“GENIE” OF A THOUSAND AND ONE ENGINEERING FEATS 


@ AT YOUR CALL IN MANY PHYSICAL FORMS: licht, mobile oily liquids viscous 


iquids and resins, solid resins and crystals. 


@® VIRTUALLY INDESTRUCTIBLE: resist breakdown from heat and mechanical 


stres 


oxidize 


e “EDUCATED TO PERFORM HUNDREDS OF ENGINEERING TASKS: 


ler 
in I 


vapor suppressants for volatile insecticides, binders for pigments and dyes, bonding agents in adhesive compounds, im provers ¢ 


ind asbestos wraps, carbon resistors, electrical terminals and bushings; /ubricants for vacuum diffusion pumps, specia 


Cat 


resist burning 


nis 


| nonpressurized systems; 


for fire-resistant wiping cloths, dedusting reactive chemicals, dust catchers on air filters, and other ‘‘dust-tray 


coolant-dielectrics for 


rebuff electricity with their high resistivity /refuse to 


volatilize, hydrolyze or otherwise react with highly reactive chemicals. 


heat- 


ediums for uniform, firesafe, controlled ‘‘cooking’’ heat to 600°F. 


Not by sorcery—but by simple effec 
tiveness—a low-cost Aroclor might 
be exactly the inert liquid or resin 
you need for a tough engineering job 
Monsanto will send you a descriptive 
booklet, THE AROCLOR COM 
POUNDS, which will show you why 
Merely write for a copy on your 
ympany letterhead 


MONSANTO CHEMICAL COMPANY 
Organic Chemicais Division, Dept. 44318 
St. Louis 66, Missouri 


‘fireproof transformers and other electrical equipment, el 


n fixed-paper capacitors for air conditioners, furnaces, washers and other home appliances; insulating sealants for 


earings, journal boxes, precision grinding ; expansion mediums in bellows control, thermostats and regulators, eq 
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by Dr. Rolf W. Peter, manager, clectron devices division, Watkins-Jolinson Co. 
’ 


New Materials for Electronics 


eee man’s control over na- 
ture has enabled us to communicate 
better, travel faster, and produce 
more goods and services per man 
hour. In large part, this technical 
progress is the result of man’s learn- 
ing to build more intelligence into 
machines so they can perform more 
useful functions. 


Many branches of industry are 
involved in developing machine in- 
telligence (through mechanization 
and automation) and in increasing 
production. Of all industries, how- 
ever, electronics seems to have the 
most potential for future techno- 
logical development. 


Thus, it is not surprising that 
electronics is today’s fastest grow- 
ing major industry. Fiftieth in rank 
before World War II, electronics 
now is in fifth place among broad 
U. S. industry classifications. More 
and more industries and businesses 
are adding electronics laboratories 
and divisions to their engineering 
activities and product lines. Some 
industries, such as airframe manu- 
facturers, are competing with estab- 
lished electronics firms. More con- 
servative industries, such as steel 
and food producers, are looking to 
electronics as a fast way to progress. 


MAN-MADE CRYSTALS of rutile 
(titanium oxide) and ruby 
(aluminum oxide with a trace 

of chromium), were formed 

by Verneuil method. Basic material 
in powder form is fed into flame 
sone, where combustible gas 

is used to create temperatures 

as high as 3000 C. Powder melts 
and falls on seed crystal, which 
is withdrawn gradually as 

the new synthetic crystal grows. 


Controlling the molecule 


In this unparalleled, explosive, 
electronics expansion of the last two 
decades, the spotlight has been 
turned on materials, or solid-state, 
research. Materials research has 
reached this prominent position be- 
cause man’s key to nature’s unlim- 
ited resources rests in his ability to 
control matter on the atomic and 
molecular scale. 

The importance of atomic control 
can be appreciated in the impres- 
sive development of nuclear power 
generation; tiny, transistorized ra- 
dios; and color television, made pos- 
sible because blue-, green-, and red- 
emitting phosphors have been syn- 
thesized. (A phosphor is made up 
of microcrystals of a basically in- 
sulating compound, such as zinc sul- 
fide, to which is added less than 1°; 
of luminescent activators, such as 
manganese. ) 

The progress, often the success, of 
an entire enginering project may 
depend upon advances in key ma- 
terials. For example, many radar 
systems did not reach expected per- 
formance until electrical break- 
downs were eliminated in insulating 
materials in the microwave power 


tube. 


Discovery of new materials often 
makes existing designs obsolete, as 
happened in the receiving-tube field 
when the transistor appeared. Break- 
throughs of this nature, though 
rare, contribute greatly to the posi- 
tion of materials research as a pow- 
erful factor in electronics progress. 


Molecular building blocks 


The ultimate goal of materials re- 
search is characterized most vividly 
by the now-familiar term, “molecu- 
lar engineering’’—use of molecules 
as building blocks in forming mate- 
rials, allowing all functions of a sys- 
tem to be designed into a minimum 
volume of matter. 

Nature has achieved this goal in 
many parts of living organisms. For 
example, the chromosome, blueprint 
for reproduction of living species, is 
“molecularly engineered.” Every 
molecule (or gene) in a chromo- 
some has its distinct and well- 
defined function and characteristics. 
The total of these molecules forms 
the complete information-storage 
system needed to build a replica of 
a species. The information content 
and reliability of this reproductive 
system is demonstrated in the ex- 
treme likeness of identical twins. 

(In a chromosome, a cube smaller 
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than 100 atoms on a side stores at 
least one “bit” of information—a yes 


or no indication. This storage densi 


than that achieved in photographic 


or thermoplastic memory systems 
These advanced systems in turn 
ontain about two orders of magni 


/ 


‘ude more tnjormation per square 


centimeter than the best present 
magnetic-ltape where the 
maximum achieved ts about 1-mil 


on oil 


slorage, 


per square centimeter 

Progress in electronic-component 
miniaturization in recent decades 
is shown in the flow chart below 
Even the most advanced laboratory 
achievements in integrated electron 
ics still are many orders of magni 
tude behind the human brain in the 
number of elements per cubic foot 
It is important to keep the goal of 
materials research clearly in mind, 
as it points up the long distance left 
to travel from even the most ad 
vanced materials research of today, 
to the ultimate molecular engineered 
material, component, and integrated 
system of the future 

At present, we know how to con 
trol bulk properties of materials on 
For example, we 
can grow almost perfect crystals, 
then add various “activators” in 
small amounts. But we have not yet 
learned to control the surfaces of 
uch bulk materials to the same 


a molecular scale 


nor do we know how to grow 
thin single-crystal films of these ma 


degree 


PARTS 
PER 

CUBIC 
FOOT 


107 


v tis al least 1,000 times greater 


terials in similar structural purity. 

To understand the current status 
of materials research in electronics 
we should look at the materials re- 
searchers themselves. The work is 
performed mostly by teams of physi- 
cists, inorganic chemists, metallur- 
gists, and ceramists. Organic chem- 
ists slowly are becoming part of the 
materials research scene in some 
electronics laboratories. Biologists 
and physiologists still recognizable 
as such are a definite rarity. More 
biologists and organic chemists must 
become active in electronics-materi- 
als research if the molecular-engi- 
neering goal is to be achieved. But 
materials scientists have come a 
long way and rightfully can be en- 
thusiastic about progress to date. 

The task of a materials scientist 
when asked to provide an improved 
material can be extremely complex. 
Consider the plight of the scientist 
asked to come up with a material 
having higher carrier mobility at 
elevated temperatures as a basis for 
improved heat-resistant semiconduc- 
tor devices. 


4,000-plus combinations 


The first step for the materials 
scientist (be he chemist, metallur- 
gist, ceramist, or physicist by pro- 
fession) is selection of a material 
that might provide the best combi 
nation of characteristics. He has the 
whole periodic table of elements 


PROGRESS IN MINIATURIZATION of electronic Components, from the vacuum tube 


of the 


at his disposal. Combining two ele- 
ments at a time will give him more 
than 4,000 combinations, the ma- 
jority of which are mixtures and the 
minority, actual compounds. If he 
also considers compounds built up 
from three elements, the number of 
materials awaiting his investigation 
exceeds 100,000. The task in its full 
aspect is obviously fantastic. Besides 
some general rules and chemical 
handbooks, he needs good horse 
sense and infinite patience. 

One day, a fast computing ma- 
chine will supply physical data on a 
large number of simple compounds. 
The machine then will select the 
one or the few best-suited materials: 
for example, gallium arsenide as the 
preferred binary semiconductor in 
our example (as shown on the table 
of semiconductor characteristics on 
page 57). An ambitious theoretical 
study to set up such a computer 
program is underway at RCA Lab- 
oratories. 

However, there will be years of 
transition from theory to reality. 
Until then the materials scientist, in 
his first task of selection and com- 
bination, will have to rely on past 
experience and his horse sense—and 
patience. 

Even when such a computer is 
available, two other demanding 
tasks remain: the ultimate purifica 
tion of the chosen material, and its 
controlled alloying, “doping,” and 
activating. 


30s to the tiny solid-state devices of today, charts a continuous course 
toward what many scientists see as the ultimate goal 


materials with the packing 


density of the human brain, which still is many orders of magnitude ahead 


of even the most advanced laboratory achievements in integrated electronics 


conventional 
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Cook-detective-artist 


The attitude and talents of the 
scientist involved in_ purification 
have to be similar to those of a 
Sherlock Holmes. The “killers” he’s 
after are unwanted impurities and 
defects in the materials. In the ex- 
ample of gallium arsenide, these 
defects appear to be as tough and 
elusive as the criminals in a perfect 
murder! 

The third job in materials synthe- 
sis is one for an artist. The artist- 
scientist must be highly sensitive to 
the changes he brings about as he 
alloys the purified elements and 
compounds and finally introduces 
active impurities to create the de- 
sired quality or phenomenon. Ger- 
manium or gallium arsenide, for ex- 
ample, may be activated to become 


solid-state electronics 


basic material for a transistor or, 
using different formulas, a tunnel 
diode, or an infrared-photosensitive 
detector. 

The scientist engaged in materi- 
als synthesis thus must wear three 
hats: he must be a cook with horse 
sense, vast experience, and good 
recipes; a detective with imagina- 
tion and analyzing power; and an 
artist with sensitivity. 

Although controlled materials 
synthesis is the ultimate objective of 
molecular engineering, it is only 
part of an integrated materials- 
research activity. If real progress 
toward the ultimate goal of mate- 
rials research is expected, the syn- 
thesis approach must join hands 
with the measurements and the 
theoretical approaches. 

Success of the measurements man 


transistor 


micro- 
modules 


integrated 
electronics 


equipment 
without 
capital 
outlay 


.. from Ampex 


Ampex data recorders on the 
newly announced lease pro- 
gram can help you in two ways. 
Leasing lets you pay for the 
use of your data recorder only 
as you need it. 


Through installment purchas- 
es, you are investing in your 
Ampex data recorder while it 
works for you. 


Either way, pressure on your 
working capital is reduced to 
the minimum. Complete pro- 
gram details and equipment 
specifications from: 


AMPEX 


AMPEX INSTRUMENTATION PRODUCTS CO 
Box 5000 Redwood City, California 
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usually an experimental physicist, 
physical chemist, or physical metal 
lurgist) depends upon his cleverness 
in asking the right questions in his 
experiments and upon having equip- 
ment sensitive enough to hear na- 
ture’s answer through the back- 
ground noise 

The theorist (usually a theoreti- 
cal physicist or applied mathema 
tician) tries to find a_ theoretical 
model to explain as many of the 
measured results and curves as pos 
sible. To check his model, he ad 
vises the synthesis man on what 
materials to make and the measure 
ments man on what crucial experi- 
ments to conduct on these materials 

In all three approaches, materials 
scientists depend upon advanced 
equipment, and often these scien 
tists can be no better than their 
equipment. Materials synthesis is 
based upon spec-pure chemical lab 
oratories; facilities for high-temper 
ature synthesis such as image-arc, 
flame-fusion, arc-melt, electron-bom 
bardment, and induction furnaces; 
and high-pressure facilities for such 
processes as hydrothermal synthe 
sis 

Similarly, modern equipment 
must be available for highly techni 
al measurements. Examples are 
magnets with very uniform fields 
large areas, spin and nuclear 

resonance apparatus, sen- 
susceptibility - measuring 
equipment, and spectrometers for 
ill spectral ranges, from radio and 
microwave to optical light, electron, 
ind neutron spectrometers 

Finally, the theoretical approach 
depends upon pencil and comput 
ing facilities, principally high-speed 
digital computers, and occasionally 
equipment, including the 
electrolytic tank. In contrast with 
the other two approaches, failure in 
the theoretical approach usually can 
not be blamed on the equipment! 

The scientist is rare who is able 
to work effectively on all three ap 
proaches of materials research 
Therefore, materials research is car 
ried out most successfully by teams 
of scientists of different professions 
and talents who together cover the 


over 
magnetic 
sitive 


inalog 


three approaches of synthesis, meas- 
urement, and theory 


Knowledge and conductivity 


Che enormous variety of materi- 
als studied at an electronics-research 
laboratory can be classified in many 
different ways. In the table at right, 
classification is 
energy band-gap (level of electron 
energy and momentum) of the ma 
terial. As indicated, this order is in 
versely related to its conductivity 


according to the 


GALLIUM ARSENIDE synthetic crystals, 
above and at right, were formed by 
the Czochralski method. Inside a sealed quartz 


tube, a seed ¢ rystal 


produces synthetics of high quality Each 
of the three crystals shown on these pages 
is approximately 10 centimeters long 


The conductivity scale also seems 
to give an approximate indication 
of the degree of existing physical 
knowledge on any of these materials 
and related phenomena—an aston- 


guided from the outside by a magnet 

is dipped into a melt of the basic material. The seed 
then is slowly rotated and retracted. One of the oldest 
methods for growing crystals, the process 


ishing fact since some of the earliest- 
known and most extensively studied 
materials head the list (such as in- 
sulating and luminescent materials, 
followed by photoconductors ) . 
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Dr. Rolf Peter recently became 
manager of Watkins-Johnson Co.'s 
electron devices div. after ne arly 
13 years with RCA, where he was 
director of the physic al 

and chemical research laboratory 
Holder of some 20 U.S patents 
in the electronics field, Peter 

is a PhD graduate of the Swiss 
Federal Institute of Technology. 


Although scientific studies on lu- 
minescence go back to the 16th cen- 
tury, the basic complex mechanisms 
involved still are much less well 
understood than semiconductivity, 
a relatively recent addition to the list 
of observed materials phenomena. 

Reason for this peculiar situation 
lies in nature itself. Every addi- 
tional electron volt (ev) of the en- 
ergy gap increases (by at least an 
order of magnitude) the difficulty in 
synthesizing a crystal of equal chem- 
ical and structural purity. Further, 
similar imperfections usually pro- 
duce more profound changes in the 
electrical properties of high-band- 
gap materials than of low-band-gap 
materials. 

This phenomenon may be related 
to the fact that the atoms in a 
higher-band-gap crystal generally 
are held together by stronger bind- 
ing forces. Consequently, any im- 
perfections might be expected to 
create greater changes. 


Semiconductors are distributed 
near a l-ev gap, visible photocon- 
ductors around 2 ev, and phosphors 
around 3 ev, and their order of com- 
plexity is known to increase accord- 
ingly. In addition, the synthesis 
chemist’s or metallurgist’s difficul- 
ties grow when he progresses from 
elemental crystals such as germa- 
nium or selenium, to binary com- 
pounds such as indium phosphide 
or cadmium selenide, or to ternary 
compounds such as silver iron tel- 
luride. 

Theory of purity 

Solid-state theory currently can 
explain only the phenomena found 
in highest purity column-IV crys- 
tals, germanium and silicon. (This 
standard of purity requires that the 
foreign atom content be less than 
one in a billion atoms.) Progress 
toward better understanding of ma- 
terials, therefore, is linked closely to 
the availability of chemically and 
structurally purer materials. 

Even though our basic under- 
standing of many materials remains 
elusive, a few striking recent ad- 
vances will illustrate the extent to 
which materials can be expected to 
affect various areas of electronics in 
the near future. 

Major improvements have been 
achieved in photoconductors—ma- 
terials which become conducting 
upon illumination by light. Photo- 
conductors (for example, lead sul- 
fide and cadmium sulfide) are the 
basic materials for photo-detectors 
and television-pickup devices. 

During the last year, crystals 
were synthesized with about two or- 
ders of magnitude higher perform- 
ance factors than ever known be- 
fore, as shown in the chart on page 
60. Eventually the same perform- 
ance may be achieved in powders 
and sintered layers which are re- 
quired for most photoelectronic de- 
vices. 

Infrared - sensitive photoconduc- 
tors have been perfected to a simi- 
lar degree during the last few years. 
Their spectral response now can be 
tailor-made to an amazing degree. 
The solid-state triode 


The phenomenon of space-charge- 
current flow, well known in vacuum 


tubes, recently was measured in 
highly purified insulators such as 
cadmium sulfide. Initially consid- 
ered no more than a particular as- 
pect of photoconduction, space- 
charge-current flow now has been 
used in a solid-state analog to the 
vacuum-tube triode. Although still 
very much in its infancy, this high- 
input-impedance amplifier device 
may herald a new class of insulator 


devices, important as_ solid-state 
compliments to the low-impedance 
semiconductor devices. 

In all communications systems, 
signal amplification remains the pre- 
eminent function. Semiconductors 
today provide the basis for the most 
important solid-state amplifier de- 
vices for any frequency from audio 
up to microwaves. After an exten- 
sive search, gallium arsenide was 
selected as the semiconductor ma- 
terial with the best combination of 
advantages. 

(As is evident from the table on 
page 57, the performance of gallium 
arsenide at relatively high tempera- 
tures is comparable to that of ger- 
manium at room _ temperature. ) 
Much effort is being aimed at the 
purification and controlled “doping” 
(addition of impurities) of gallium 
arsenide in several laboratories. 


“Somehow, I pictured Earth people 
as looking quite different.” 


In 1958, the first operating gal- 
lium-arsenide transistor was demon- 
strated, a major event in this field. 
Also, gallium-arsenide parametric 
and tunnel diodes have a higher fre- 
quency response and lower noise 
factor than any similar device made 
of germanium or silicon. 

The last word on semiconductor 
materials has not been spoken yet, 
of course. The search for better 
three-element compounds has led to 
two materials with very promising 
properties for tunnel diode and 
thermoelectric applications. Still 
better ones may be uncovered. 


Information in a speck 


Information storage for video re- 
cording and digital computers is 
being achieved in ever-tinier specks 
of ferromagnetic and other materi- 
als. From magnetic cores—printed 
ferrite and metal places with micro- 
scopic holes—the need for higher 
information-storage density leads to 
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magnetic tapes and films. Further 
improvements in ferroelectrics may 
make them practical for certain 
switching and _ storage functions 
Basic studies carried out on new 
superconductors and on the mech- 
anism of switching will permit new 
designs of cryogenic memory and 
storage devices 

Materials research also is of prime 
importance for electronic power gen 
eration. Electronic conversion of ra 
diation into electricity, with no 
moving parts, opens many new pos 
sibilities. Photovoltaic, thermionic, 
and thermo-electric principles are 
most promising and are mutually 
complementary in their operating 
temperature ranges and fields of ap 
plication. All three methods depend 
critically upon new materials for 
SUCCESS 

The best silicon photovoltaic cells, 
such as are used for secondary 
power supplies in satellites, now 
convert about 10°, of the available 
solar energy. Research is directed 
toward increasing efficiency 
even further with better materials 

Novel refractory metals—for ex 
imple, transition metal carbides 
are being developed to improve the 
critical part of thermionic converter 
tubes, the high-temperature emitter 
Energy conversion efficiency of 


crystals 
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about 10°, has been reported for 
operations at a cathode temperature 
of about 2600 C and an anode tem- 
perature of more than LOOO C. Ma- 
terials advances can be expected to 
improve this efficiency. 


Efficient thermo-elements 


Thermocouples, complementing 
thermionic converters, are best 
suited to operate at temperatures 
below 1000 C. Recent thermoelec- 
tric-materials research has led to 
new, very promising semiconductor 
alloys 

With thermo-elements operating 
at a temperature drop of from 300 C 
to room temperature, energy-con- 
version efficiencies as high as 7%, 
have been measured. But materials 
developed for the range up to 1000 
C promise to more than double this 
efficiency. Although they are still 
less efficient than mechanical heat 
engines, thermionic and thermoelec- 
tric power converters already have 
proved valuable for special applica- 
tions and, depending entirely upon 
advances in materials, eventually 
may become a major factor not only 
in secondary, but also in primary 
energy generation 

Materials for thermoelectric cool- 
ing below room temperature are 
quite different in composition from 


fast crystals 
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PHOTOCONDUCTOR IMPROVEMENTS fave been dramatic during the last year 


Crustals 
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ire being synthesized with performance factors about two orders 


if magnitude higher than formerly achieved. Work now is underway 


; 


2 about similar improvements in powders and sintered layers 


those designed for power genera- 
tion. The temperature range of op- 
eration is one of the main factors 
determining materials composition. 

Advances made during the last 
decade may be gaged by considering 
the material’s “figure-of-merit.”” At 
RCA Laboratories, for instance, the 
figure-of-merit (or index of quality ) 
was about 0.0003 in 1951, and in 
1961 is more than 0.0035, an in- 
crease in merit of about 12 times in 
10 years. 

In practical terms, consider that 
the cooling efficiency of a thermo- 
electric refrigerator based upon 
these new materials is about equal 
to that of a small conventional re- 
frigerator. Considerable materials 
improvements beyond this achieve- 
ment are theoretically possible and 
highly probable. 


Heterogeneous materials 


While up to now the principal 
materials-research efforts have been 
aimed at producing structurally and 
chemically pure crystalline materi 
als with uniform properties, it can 
be foreseen that materials studies 
will expand into the field of heter- 
ogeneous materials and materials 
with controlled nonuniform prop- 
erties. 

Examples include improved ther- 
moelectrics with “tapered” proper 
ties (changing from the hot to the 
cool terminal, optimized at every 
point along the way) ; silicon whisk- 
ers with very high tensile strength 
embedded in a ductile matrix such 
as molybdenum or aluminum, re- 
sulting in a heterogeneous material 
of greatly improved mechanical 
properties; micro-honeycomb and 
laminated materials; and atomically 
layered materials with very non- 
isotropic properties. 

In the future the main research 
attention gradually will shift from 
crystalline bulk-materials studies to 
thin layers and films, and to the sur- 
face and interface problems con 
nected with such films. These fields 
of materials research still are vir- 
tually unexplored, and can be ex- 
pected to yield many great advances. 

True molecular engineering, the 
ultimate goal of materials research, 
remains far in the future. Much 
more knowledge has to be accumu- 
lated on the basic properties of mat- 
ter to make possible any extensive 
engineering on the molecular level. 
But long-range fundamental inves- 
tigations, many of which now are 
underway, can be expected to pro- 
duce the new insight needed to pro- 
vide broad scientific guidance in 
today’s accelerated search for im- 
proved materials. . 
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Where to write for new products, new ideas, or employment opportunities. 


[} NEW PRODUCT DEVELOPMENT and 
new markets in construction field are available 
through civil engineering research and develop- 
ment. Write to The Cerand Corp., Dept. 30, 285 
Columbus Av., Boston 16. 


THERMOCOUPLE HOUSINGS that endure 
extremely high temperatures without damage are 
possible when Chromallized molybdenum is used for 
the housings. Write for illustrated booklet RC, 
Chromalloy Corp., 169 Western Hy., West Nyack, 
N.Y. 


[| COMPLEX FABRICATION problems can 
be solved for you by a unique method developed 
for producing thin metal parts. Write to the Mow- 
bray Co., 23 Peck St., Providence, R.I. 


[}] NEW PRODUCT IDEAS are wanted by a 
prominent manufacturer of portable electric appli- 
ances and other consumer products. Submit your 
ideas for evaluation to Box 805, Industrial Re- 
search, 200 S. Michigan Av., Chicago 4. 


[} ELECTRONICS FOR INDUSTRY, defense, 
and broadcast are listed in a new free catalog. Write 
to Dept. RE-2, Newark Electronics Corp., 223 W. 
Madison St., Chicago 6. 


[}] NEW DATA RECORDER leasing program 
gives you the use of new equipment without capital 
outlay. Program details and equipment specifica- 
tions may be obtained by writing to Ampex Instru- 
mentation Products Co., Box 5000, Redwood City, 
Calif. 

[| ELECTRONIC DESIGNS can be improved 
inexpensively with Aroclors developed by Monsanto. 
A 44-page booklet outlining electrical, mechanical, 
chemical, and specialty uses is available by writing 
Dept. 2790, Organic Chemicals Div., Monsanto 
Chemical Co., St. Louis 66. 


[} ADVANCED NUCLEAR ENERGY conver- 
sion systems to meet new power requirements for 
manned space missions of extended flight duration 
are under development by Garrett’s AiResearch Di- 
visions, and employment opportunities are available 
for qualified engineers. Write to The Garrett Corp., 
AiResearch Manufacturing Div., Los Angeles 45. 


INDUSTRIAL DIAMOND RESEARCH 
leads to significant developments for individual 
users. For booklet outlining the function and the 
findings of this research, write to Diamond Research 
Laboratory, Johannesburg, P.O. Box 104, Crown 
Mines, Union of South Africa. 


EXPANSION-MINDED COMPANIES 
might consider Massachusetts for exceptional hu- 
man and climatic resources. For detailed, factual 
information, write to Massachusetts Dept. of Com- 
merce, 150 Causeway St., Boston. 


|] PLANT-SITE PROFILE on New York, the 
most comprehensive ever done on an industrial 
state, is available describing labor, markets, raw 
materials, power, transportation, financing, etc. 
Write Comm. K. S. McHugh, Dept. of Commerce, 
Rm. 851, 112 State St., Albany 7, N.Y. 


Employment opportunities 


(| SENIOR AND STAFF POSITIONS are now 
available for physicists and physical chemists with 
advanced degrees, with emphasis on solid state and 
physical electronics and space instrumentation. 
Write to Mr. R. B. Merwin, Industrial Relations 
Administrator — Engineering, Mail Zone 130-90, 
Convair/Astronautics, 5654 Kearny Villa Rd., San 
Diego 12. 


EXPLORE ENVIRONMENTAL adjust- 
ments for men in space. Exciting rewards offered to 
individuals of superior talent in advanced research 
program. Write to N. M. Pagan, Director of Tech- 
nical & Scientific Staffing, Dept. E-1, The Martin 
Co., P. O. Box 179, Denver 1. 


[]} PLASMA, CHEMICAL PHYSICISTS are 
wanted for basic research in long-range sustained- 
type programs. Contact Mr. W. C. Walsh, Research 
Labs., United Aircraft Corp., 400 Main St., East 
Hartford 8, Conn. 

[|] EXPERIENCED RESEARCH PERSON- 
NEL in solid state, production and engineering 
areas can find professional opportunities by sending 
resumes to R. K. Patterson, Dept. HH-2, Reming- 
ton Rand Univac, Univac Park, St. Paul 16, Minn. 


(| THREE MANUFACTURING RESEARCH 
ENGINEERS are wanted to do original work with 
new materials. Send resume to Mr. T. H. Tillman, 
Box 303-SA, The Bendix Corp., 95th & Troost, 
Kansas City 41, Mo. 
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There is a continuing need to know more about the nature of space 
and its complex environment. Only through fundamental research 
and scientific inquiry can this need be met. 

At Convair/Astronautics’ Physics Research Laboratories, our 
task is to meet this need; to explore the space sciences; to advance 
the state of the space technology arts. Here, company-funded 
research in space physics and space electronics is in progress, 
motivated by the need to develop instruments and electronic tech- 
niques vital to the progress of space flight and exploration. 

The men selected to staff these laboratories must be of high aca- 
demic caliber. They must possess the sort of professional back- 
ground which demonstrates interest and achievement in solving 
the broad spectrum of problems associated with space technology. 
Senior and staff positions are available now for physicists and 
physical chemists with advanced degrees. Current emphasis con- 
cerns research in solid state and physical electronics and space 
instrumentation. We invite your inquiry which will be promptly 
acknowledged by a member of the Physics Research Laboratories 
staff. 


CONVAIR | ASTRONAUTICS 


Please write to Mr. R. B. Merwin, 

Industrial Relations Administrator-Engineering, 
Mail Zone 130-90, Convair Astronautics, 

5628 Kearny Villa Road, San Diego 12, 
California. (Men in the New York area are 
invited to contact Mr. J. J. Tannone, Jr., 
manager of our New York placement 

office, CIrcle 5-5034.) 
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NOW UNDER ONE ROOF AT LOCKHEED / BURBANK 


Lockheed California Division has expanded its already great 
resources at Burbank. For it now encompasses, under one 
roof, the two vast worlds of Spacecraft and Aircraft. 

This typifies Lockheed policy to steadily advance the state of 
the art through basic research in related and scientific fields 

Result? Now—more than ever—Lockheed offers Scientists 
and Engineers uncommon opportunities; equips them with 
every modern facility; gives them freedom to explore and ex- 


press new ideas; makes possible greater individual recognition. 
Now being designed and developed in Spacecraft and Air- 

craft are: Hypersonic interceptors; V/STOL; supersonic inter- 

ceptors; limocopters; missiles; manned spacecraft; and 

satellites. 

Scientists and Engineers of outstanding talent are now 

invited to participate in this new, dual enterprise. Immediate 


openings are available to: Aerodynamics engineers; thermo- 
dynamics engineers; dynamicists; electric research engi- 
neers; servosystem engineers; electronic systems engineers; 
biophysicists; infrared physicists; hydrodynamicists; ocean 
systems scientists; physio-psychological research special- 
ists; mammalian culture research specialists; and radiation 
hazards specialists. 

Write today to Mr. E. W. Des Lauriers, Manager Professional 
Placement Staff, Dept. 4003, 2414 N. Hollywood Way, Burbank, 
California. 


LOCKHEED 


CALIFORNIA DIVISION 
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Scientific 


Sieuthing 


with a 


by Leonard M. Taussig, director, Taussig Associates 


NE OF THE MOST CHALLENGING 


and unique phases of engineering 
and science is the investigation of 
structural and material failures as 
connected with litigation. This type 
of investigation demands use of mod- 
ern test equipment and intimate 
knowledge of test methods, all tem- 
pered by the practical aspects of 
legal science. Investigations must be 
carried out on a highly technical 
level, but the results must be put into 
non-technical language. Undoubted- 
ly, the greatest difficulty in science- 
legal matters is the inability to inter- 
pret technical facts into words that 
the insurance adjuster, lawyer, and 
jury can comprehend easily. 

Because of the author’s back- 
ground, all of the examples and case 
histories in this article are from the 
metallurgical field; yet the sleuthing 
process should be of interest to all 
technical men, whether at the re- 
search, testing, or management level. 
The need for company executives 
and engineers to understand how a 
competent investigation per- 
formed becomes evident when a sit- 
uation involving their products or 
employes is brought for legal action. 

If the facts point to negligence on 
the part of the company, the com- 
pany can work towards a quick set- 
tlement without unnecessary litiga- 
tion. If the facts show no general 
negligence on the part of the com- 
pany, the company then can aim 
towards relief from liability. It must 
be emphasized that the pendulum 
can swing both ways, and either way 
can lead to a firm’s eventual benefit. 

The field of scientific investigation 
is broad. Sleuthing metal failures, for 
instance, requires knowledge of 
metallurgy, chemistry, spectrogra- 
phy, design, and many other 
sciences. Before delving into some 
actual case histories, it might be best 
to acquaint the reader with tech- 
niques commonly used in failure in- 
vestigations. 


Testing without destroying 


The formation of a metal fracture 
can tell a tremendous story to the 
trained investigator. The presence of 
fatigue conditions, impact failures, 
cracking from inherent defects, and 


other types of fractures can be deter- 
mined from visual observation and 
recorded photographically. 

Other nondestructive tests are de- 
signed to detect flaws that can’t be 
seen, for instance, by using x-rays. 
X-ray examination is performed in 
the same manner as in medical diag- 
nosis, but with higher voltage equip- 
ment. 

A variety of nondestructive test 
methods are available, such as: 

® Magnetic particle inspection 
(locating near-the-surface, but in- 
visible, defects by the controlled 
magnetization of ferrous metals). 

® Sonic inspection (finding de- 
fects by reflecting ultrasonic waves 
from defective areas) . 

® Penetrant inspection (penetra- 
ting surface defects by a flourescent 
or dye penetrant, and viewing by 
ultraviolet light) . 

s Eddycurrent inspection (em- 
ploying eddycurrents to test char- 
acteristics such as electrical con- 
ductivity, magnetic permeability, 
and the modulus of elasticity) . 


The chemistry of a metal 


A test required in almost all failure 
investigations is chemical analysis of 
the metal elements, since the chem- 
istry of a metal can play an impor- 
tant part in its properties and ac- 
tions. One method, spectrographic 
analysis, is performed by firing a 
specimen with an electric arc and 
photographing the spectrum of the 
vapor that is given off. 

This analysis is specific for 72 of 
the 100 elements. It records these 
elements simultaneously so_ that, 
when required, very minute samples 
can be used. Commonly used by all 
types of industry for the analysis of 
metals, alloys, and ores, spectrogra- 
phic analysis is employed by police 
laboratories to identify such items 
as paint samples found on the cloth- 
ing of hit-and-run victims. 

It can be used to identify poisons 
and even chemical elements in grass, 
as evidenced by a recent assault case 
in New York state. (The suspect had 
grass on his trouser cuffs, and the 
spectrograph proved that the grass 
could only have come from the place 
of the assault.) The spectrograph 
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THE MOWBRAY COMPANY — 


specialists for twenty years in the 
precision fabrication and 

etching of metals — has developed 
a unique method for producing 
THIN METAL PARTS quickly 

and economically. 


Any quantity from a prototype 
to a million. 


By the use of precision etching 
techniques and the strictest of 
controls, all common metals can 
be fabricated into the most 
complex shapes. Any hardness, 
any thickness to .015. 


FEATURES 
* LOW COST t ng expense 
* RAPID SERVICE t making delay 
* UNIFORMITY 


Write or call collect 


for further information 


and quotations 


CH bray V1 ay Company 


23 PECK STREET 
PROVIDENCE, RHODE ISLAND 


of Taussig Associate 


still is associated as 


also has been used to identify wires 
used in bombings to establish their 
origin and place of purchase. 

Another analytical method, wet 
chemical analysis, is applied to those 
elements that do not respond to spec- 
trographic analysis. This type of 
analysis requires dissolving metals in 
acids or other liquids and analyzing 
the metal content via standard pre- 
cipitation, titration, color detecting, 
or combustion methods. 


‘Fingerprints’ in metal 


Metallographic examination is to 
a metallurgist as finger-printing is to 
an FBI agent. A metallograph is a 
special microscope for viewing the 
structures of metal and photograph- 
ing them. Almost the complete his- 
tory of fabrication, forming, and 
treating of a metal can be determined 
from a metallographic examination. 
If a defect can be observed, its origin 
and nature usually can be pin- 
pointed. 

Whenever possible, our scientific 
sleuth prefers to supplement his in- 
vestigation with actual physical, de 
structive tests of the part in question. 
In most cases, a court order or writ- 
ten agreement is required, and in the 
author’s experience cases have been 
lost because both sides had not 
agreed upon destructive tests. 

A disadvantage is that these tests 
require a large portion of the failed 
part for accurate results; therefore, 
unless the examination is made on a 
large part such as a truck axle, physi- 
cal tests usually are impossible 

Measuring hardness of a metal is 
an important physical test conducted 
by applying a known load on the 
metal through a diamond point or a 


Leonard M. Taussig, an Industrial Research 


for Magnaflux Corp., 


technical consultant, is director 


s, a metallurgical 


consulting firm which he organized 


in 1954. He formerly was chief metallurgist 


with which he 
a consultant 


T'aussig holds a BS in metallurgical engineering 
from Illinois Institute of Technology, 


where he also has served as a faculty member 


small ball. The depth and geometry 
of the indentation becomes a relative 
measure of the metal’s hardness. 


Stress analysis 


Probably the most complicated of 
methods available to a failure inves- 
tigator is stress analysis, a test of a 
part’s design. If areas of weakness 
are present, due to design faults, 
stress analysis methods can pick up 
these areas. Common experimental 
stress analysis techniques available 
to the laboratory are those of brittle 
lacquer and strain-gage analysis. 

Sprayed on the part to be tested, 
the lacquer is compounded so it will 
crack at a known stress when the 
part is loaded. Analyzing the forma- 
tion and distribution of cracks in the 
special lacquer yields a clue as to 
the validity of design. Strain gages 
are an even more complicated tool 
of stress analysis and essentially per- 
mit the investigator to measure mov- 
ing or dynamic loads on a part. 

Possibly the best method of show- 
ing how these analytical tools can 
be used to solve a failure mystery is 
by discussing specific case histories. 


Case of the fractured kingpin 


One case involved investigating 
the failure of a kingpin used in a 
new truck. While driving over an 
open, smooth road at a speed of from 
30 to 40 mph, one of the front wheels 
collapsed without warning. The 
truck overturned in a ditch and se- 
verely injured the driver. Cause of 
the accident was centered around the 
failure of a kingpin, and it became 
the job of the scientific sleuth to de- 
termine whether the kingpin was 
faulty. 


EVIDENCE OF PHYSICAL CONTACT Joeficecen a crane and an aluminum 


high-voltage conductor 
for a fatal accident—was found by spect 


legal point in determining responsibilits 
} 


ographic and metallographic 


examination of burnt area on the aluminum conductor, and discovered 


to contain particles of iron and paint from the crane boom 
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Two kingpins were taken from the 
truck. One was the failed pin; the 
second was the still-operational pin 
from the other front wheel. 

All parts of both kingpins were 
tested non-destructively by magnet- 
ic-particle inspection. In general, if 
cracks or defects are found in the 
part by non-destructive methods, it 
focuses the investigation to the cause 
of those defects, simplifying the job. 
However, no extraneous cracks were 
found that might indicate the source 
of cracking. 

The next step was to drill small 
holes at points away from the frac- 
ture and in the good kingpin. The 
drillings were collected and chemical 
and spectrographic analyses made. 
Test results showed that the frac- 
tured and good kingpin possessed 
acceptable chemical analysis. No 
blame could be attributed to poor 
chemistry of the fractured pin. 

A metallographic examination re- 
vealed a pronounced difference in 
structure between the good and bad 
kingpins, indicating a very brittle 
condition in the fractured kingpin. 
Now something concrete had been 
found which might explain the frac- 
ture of one part and not the other. 

To verify the results further, hard- 
ness tests were made on the good and 
bad parts. The fractured kingpin 
showed abnormally high surface 
hardness. The metallurgist was able 
to conclude that the kingpin failed 
because it was abnormally hard and 
brittle. Cause of the brittleness was 
traced to improper heat treatment 
by the manufacturer. 


Why did the ladder buckle? 


A second case involved a light- 
weight metal ladder, which had 
buckled, or apparently buckled, un- 
der the weight of a 185-lb man who 
had been climbing onto a garage 
roof, 

The first object of the investiga- 
tion was to establish if the ladder 
was defective in any way. Complete 
chemical and spectrographic tests 
showed the ladder to be well within 
standards specified, and actual phy- 
sical and destructive tests proved it 


The Problem: To crea thermocouple housing that will 
endure extremely high temperat ifes without damage to the housing. 


The solution: A CHROMALLIZED molybdenum thermocouple 
housing. This housing withstands temperatures up to 4100°F. Other 
applications are structural parts for re-entry vehicles, high tem- 
perature testing grips, and ramjet engine components. 


What is Chromallizing? 

A proven process for diffusing chromium and other elements into 
the surface provides an alloy case which is integral with the base 
metal. It can't peel or flake. the chromium and other elements 
diffuse uniformly into recesses, pores, cracks and even blind holes. 


CHROMALLIZING processes are also being used to protect super- 
alloys for jet engine parts and to protect ordinary steel against wear, 
oxidation and corrosion. 


WRITE FOR ILLUSTRATED BULLETIN RC 


hromal loy corporation 


169 WESTERN HIGHWAY, WEST NYACK, N.Y. 
ELmwood 8-5900 
CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propellents, cartridge actuated devices, explosives and special chemicals. 
ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings. 
SINTERCAST DIVISION, YONKERS, N. Y. Machinable carbides & nuclear materials. 


INDUSTRIAL RESEARCH 


-FEB-MAR, 1961 67 


STOPS. 
i ree’ 
co LD 
up t 00°F 
4 
‘ 
‘ 
a 
1 
\ 
oo 
— 
of = q 
} 


SCiENTIiFiC 


@ Plasma Physicist: This is a senior 
position that should be of interest to 
any scientist with applicable experi- 
ence who wants to pursue basic in- 
vestigations in the field of plasma 
physics. It will offer an unusual oppor- 
tunity to do original work and publish 
papers of significance to the scientific 
world 


@ Projects now underway indicate the 
advanced nature of some of our stud- 
ies. 1) measurements of elastic and 
inelastic collision cross sections for 
both electrons and ions. 2) study of 
plasma diffusion rates in magnetic 
fields. 3) production of high-tempera- 
ture plasmas for controlled thermo- 
nuclear studies. 4) production of a 
plasma by contact ionization of low- 
ionization-potential materials. 


@ Chemical Physicist: An unusual 
opportunity is also available for theo- 
retical and experimental physicists, or 
physical chemists, with a good founda- 
tion in atomic and molecular physics 
and special capabilities in quantum 
and statistical mechanics. Supple- 
mentary studies in chemical kinetics 
and the nature of the chemical bond 
also desirable 


@ Projects Include: 1) Theoretical 
and experimental investigations of 
thermochemical properties of chemi- 
cal and ionic species present in propul- 
sion systems. 2) Theoretical and ex- 
perimental investigations of formation 
and stability of highly energetic meta- 
stable compounds including operation 
of equipment at cryogenic tempera- 
tures. 3) Theoretical prediction of the 
rates of elementary chemical reac- 
tions with particular emphasis on rates 
of recombination reactions in propul- 
sion systems. 4) Studies of the radia- 
tion characteristics of gas mixtures at 
temperatures as high as 40,000 R. 


@ All of these programs are of the 
long-range sustained type and are 
corporate-sponsored. Openings are at 
levels that will interest experienced 
men with demonstrated abilities. 


You are invited to contact 
Mr. W. C. Walsh, 
Personnel Department: 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 


400 Main Street, East Hartford 8, Conn 


to have acceptable strength require- 
ments. 

Metallographic tests showed the 
metal structure to be quite good and 
without signs of brittleness. There 
were no signs of prior crackings. All 
in all, the ladder seemed to meet all 
known standards and pass all tests. 
Yet the ladder had buckled in use 
and the user had been injured. 

The next step was to conduct a 
stress analysis on the ladder to see 
if the failure was due to faulty de- 
sign. Extensive tests were conducted 
on a ladder identical to the one 
which had buckled. These stresses 
were measured by brittle-lacquer 
and strain-gage methods. 

The results were surprising. The 
ladder had withstood an 800-lb static 
load without failure; it had with- 
stood a test where a 225-lb load was 
placed on the top rung and the whole 
ladder pulled over on one leg, so that 
all the weight was concentrated on 
one leg; it also had withstood the 
efforts of a 195-Ib man to cause buck- 
ling by climbing, jumping, and sway- 
ing on the ladder. No signs of un- 
usually high stresses could be found. 


A dynamic effect 


The investigators were stumped 
until they realized that a falling, or 
dynamic, load has a much greater 
effect on producing failures in metal 
structures than a static, or gradually 
applied, load. Tests were designed in 
which small loads were dropped on 
various locations on the inclined lad- 
der. It subsequently was shown that 
a 15-lb weight falling a distance of 
four feet and striking the ladder in a 
particular area could cause the exact 
buckling that had occurred. 

The investigators then were able 
to prove that the injured man had 
tipped the ladder while climbing 
from the top rung to the roof, had 
lost his balance, and fallen on the 
ladder, causing the buckling. 

This fact was sustained when the 
man later admitted he had hit the 
ladder. The basic cause of the acci- 
dent was human; however, labora- 
tory results place emphasis on the 
low-impact properties of the metal 


ladder. 


Electrocution by high voltage 


An unfortunate, yet common, ac- 
cident that occurs in the construction 
industry is injury or death by elec- 
trocution through contact with high- 
tension lines. These lines usually are 
elevated on poles and are contacted 
by construction equipment such as 
cranes and loading equipment. The 
fine legal point involved is whether 
there. has been actual physical con- 
tact or whether “arcing” has oc- 


The Strong blown type 
Jetarc, the most powerful carbon arc, 
has proved to be the best artificial 
simulator of solar energy in the 
development and testing of space 
vehicle components. 

Useful radiation is efficiently 
collected by first surface reflectors 
and concentrated at the reimaging 
point from where it can be projected 
by a quartz objective system in a 
pattern shaped to fit the work area. 
A circular radiation pattern totals 374 
watts with an 80% uniformity of 
field or a total of 668 watts with a 
60% uniformity of field. Higher or 
lower energy unit areas, can be 
obtained by variation in optics or 
projection distance. Large areas can 
be covered by multiple employment 
of lamps using either superimposed 
or overlapping pattern technique. 
Other, less powerful carbon arc 
sources, are also available for smaller 
work areas. 


A continuous spectrum is available 
from .25 to 5.-+- microns, with the 
spectral energy distribution very 
close to solar energy distribution 
above the earth's atmosphere. 


The Jetarc source can be oriented 
in any plane without loss of stability. 


Yuu are invited 
to consult with Strong Electric 
on your particular problems. 


THE STRONG ELECTRIC CORP. 


390 CITY PARK AVE. - TOLEDO 1, OHIO 


A SUBSIDIARY OF GENERAL PRECISION 


EQUIPMENT CORPORATION 
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curred between the high-voltage line 
and the metal implement. 

If direct contact is proved, nor- 
mally utility companies are free of 
liability so long as city, state, and 
national regulations have been fol- 
lowed in the installation. 

The case in point involved the 
determination of whether actual con- 
tact had been made between a crane 
and an aluminium high-voltage con- 
ductor. The investigator first photo- 
graphed the visible areas of burning 
on the aluminum conductor and 
crane, then took samples of the paint 
from the boom and a section of burnt 
aluminum conductor for spectrogra- 
phic analysis. 

A comparative spectrographic 
analysis was performed on an area of 
the aluminum conductor that had 
not been visibly burned. The tests 
showed that the area where burning 
had occurred was exceptionally high 
in iron, whereas the undamaged 
areas on the aluminum conductor 
had a low iron content comparable 
to the normal residual iron content 
in an electrical conductor alloy. 

Additional evidence came from 
identifying some of the elements of 
the paint as being present only in the 
burnt areas. Metallic elements are 
used to color paint and usually are 
foreign to the aluminum conductor 
involved. Such elements as titanium, 
cobalt, chromium, and lead were de- 
tected in the burnt sections in high 
proportions as compared to undam- 
aged sections of the aluminum con- 
ductor. Spectrographic analysis of 
the paint verified the presence of 
these elements in relatively high 
proportions. 

Examination of the burnt area on 
the aluminum wire, using a metallo- 
graph, showed other interesting re- 
sults. First it established that the 
aluminum actually had melted in 
the burnt areas and the areas 
weren't created merely by abrasion. 
Secondly, some iron constituents 
were found in the burnt area as well 
as actual paint particles from the 
crane boom. 

Thus it was possible to conclude 
that the crane boom had made ac- 
tual physical contact with the alu- 
minum wire. Had arcing been pres- 
ent and no physical contact made, 
neither the transfer of high amounts 
of iron and particles of paint, nor 
excessive melting, would have oc- 
curred. 

Solving the mysteries of metal 
failures is but one of the fields where 
scientific fact finding can result in 
effective action. Knowledge of the 
methods of approach in metallur- 
gical and other scientific fields can 
save money and time. . 
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This memory array has been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (right) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 


main patterns in thin deposited films through é 


the use of the Kerr Magneto Optic Effect. 


Univac now has a number of opportunities for participation in excep- 
tionally interesting projects which offer both professional and personal 
reward. These positions are significant in their potential for advancement. 
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experienced, capable people: 
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Color-Changing Paint 
Indicates Temperatures 


— Thermal Distribution 


Detecto Temp Pant Shows Up Hot 
Spots at eak dow 


Detectotemps are temperature indicating paints which 
change from one color to a totally different color when 
certain temperatures are reached. They are used in hun- 
dreds of operations from chemical processing, petroleum 
refining to welding, forging, heat treating and monitoring 
Surface temperatures to improve quality reduce costs 
or increase safety. Detecto Temp has the unique ability 


to indicate local temperature variations. This is im 
possible to do with thermocouples or any other presently 
available product Colorful folder available 


DeTECTOTEMP 
Thermochrom 


CURTISS & WRIGHT 


Princeton Division + Princeton, New Jersey 


New Products Wanted 


A prominent manufacturer of portable elec- 
tric appliances and other consumer products is 
searching for new products suitable for con- 
sumer markets. 


You are invited to submit your idea or prod- 
uct for evaluation. Devices for which patents 
are applied for or granted are preferred 


All disclosures will be considered as having 
been voluntarily submitted on a nonconfidential 
basis, but reasonable precautions will be taken 
to prevent disclosure to others. For complete 
information on how to submit your idea, write 


Box 804, Industrial Research 
200 S. Michigan Av., Chicago 4, Ill. 


RESEARCH AND MONEY 


TO DO RESEARCH we need money. After all, our dollars 
keep us anchored to the world of reality. They are nec- 
essary to our minds as gravity is to our bodies. 

The two activities that have kept the world rolling 
and given us the daily bread needed for our thinking 
have been trade and war. We start as children, trading 
pencils for junk—better than using our fists—and if we 
were good at marbles, we end up as executives in busi- 
ness and government. 

We buy something, or we fight to get something. Why 
we take the long detour of buying guns to get the things 
we want instead of buying the same things direct, | 
don’t know. I have been told by politicians that it has 
been done for thousands of years and so will be done 
for some more thousands of years. Then why don’t we 
junk our planes and go back to the horse? After all, 
Caesar conquered the world for Rome with his foot 
soldiers, and history is only a long record of what the 
bankers call “past performance.” 

I should leave these questions to the guardians of the 
various temples of God and Gold, but I don’t. After all, 
even scienticians need food and shelter, need peace at 
home and abroad. Business is everybody’s business 
these days. Nearly three hundred years have passed 
since the Royal Society of England set its rules for 
scientists. 

As Robert Hooke put it, the business of said soci- 
ety was: “To improve the knowledge of natural things, 
and all useful Arts, Manufactures, Mechanick Prac- 
tices, Engynes, and Inventions by Experiments (not 
meddling with Divinity, Metaphysics, Moralls, Polli- 
ticks, Grammar, Rethorick, and Logick).” 

“Not meddling with morals and politics’—such I 
would urge, is the normal condition of tolerance and 
immunity for scientific pursuits in a civilized state. To 
quote Mr. Hooke further: “Science should remain aloof 
and detached, not from a sense of superiority, not from 
any indifference to the common welfare, but as a con- 
dition of complete intellectual honesty.” 

I wish I could follow Mr. Hooke’s advice, but I can’t. 
If I did, I would not feel, to use his term, intellectually 
honest in our world of today. 

Dr. Piero Modigliani, 


Journal of a Scientician 
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SILICONE NEWS from Dow Corning 


SILASTIC RTV makes precision molds 


in minutes 


These photos illustrate how easily you can produce exact molds and 
prototypes in a matter of minutes, instead of days or weeks. The 
medium: Silastic’ RTV, the fluid silicone rubber that vuleanizes 
at rocm temperature. 


The beauty of this silicone rubber: you simply add catalyst, mix and 
pour Silastic RTV into or around the object you wish to reproduce. 
The fluid rubber flows into the tiniest crevices, fills voids in even 
the most intricate parts, and vulcanizes without heat to form a dur- 
able accurate mold. 


The cured mold easily withstands 500 F temperatures. You can use 
it to cast a variety of plastics or low-melting alloys. Release is no 
problem. The firm but flexible mold made of Silastic RTV strips 
easily from metal, wood, plaster, plastic and most other materials. 
Store the mold; it doesn’t change on aging (crack or check) and you 
can make exact reproductions months, or even years later. 


Using Silastic RTV is the quick and economical method of preparing 
duplicates that match the original in every detail. May we assist 
you in adapting this new design and development tool to your special 
needs? Write on your letterhead for free sample and how-to-use 
information. Address Dept. 4414. FINISHED PART 


The nearest Dow Corning office is the 
number one source for information 
and technical service on silicones, 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEWYORK WASHINGTON, D. Cc. 
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Involvement: Space Tug - another advanced program at Martin demanding 


superior talent to explore environmental adjustments for men in space. To indi- 
viduals seeking the freedom to inquire into such programs, Martin of Denver offers 
exciting rewards. Write direct to N. M. Pagan, Director of Technical & Scientific 
Staffing, The Martin Company, ( Dept. E-1), P. O. Box 179, Denver 1, Colorado. 
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